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4* heated treated 
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| formula (1). 
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. . ®% HaC C—CO 
| | 20 
H.C O—CO 
CH 
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Simple and Complex Metallic Salts of Thiosulphato- 
pentacyano-cobaltio Acid. 


? By Samenpra Nats MAULIK. 

The potassium salt of thiosulphato-pentacyano-cobaltic acid 
has been described by Ray (J. Indian Chem. Boc., 1927, B, 895). 
The free acid was subsequently isolated and its alkali and alkalina 
earth salts were also studied (Ray and Maulik, Z. anorg. Chem., 
1981, 199, 855). The present work was undertaken to study the 
preparation and properties of & number of other metallic and metal- 
ammonium salts. 

The following list shows the compositions of the compounds 
prepared. 


BeO* Вез[(С№ 5608,03] 2Hg0 

K3Mn[(ON)4:Co'8505] 49,0 | 

Му, [СМ), ‘Со:8,0,] 6H,0 

[Сч(ЧН;), ] 5 (ОМ) ,`00'8,0;] 

[Cu(NH 3) ] g[(CN)500:8503]8H 40 and in the anhydrous 
state. К 

[Zn(NHg4),]s[(CN),*C0:8,0,] ° 

[Zn(NH3)s] S[(CN)5:00'8503 |49,0 

[Ni(NHg)s] (СМ 5'Co'8505] * 

[Ni(NH35)q] s[(ON)5:Co'8905] 6H,O 

Ав. [(CN)5:00'8505] 

Ag, [(CN)5*Co'8503] 4$ NH3, 63H50. 


нира «авн. 


EXPERIMENTAL, 


Basic beryllium salt (I).—A freshly prepared solution of the free 
complex acid (Råy and Maulik, loc. cit.) was saturated with beryllium 
oxide ; the solution was filtered and kept in vacuum over sulphuric 
acid. When the liquid was reduced to half its volume, it was filtered 
again and evaporated finally to dryness in a vacuum. The orange- 
red substance is very soluble in water. This property is characteristic 
of many beryllium salts. (Found: Ве, 6°95; Оо, 15°54 ; ВеО: Beg- 
[(ON),°Co°8,0,] 290 requires Be, 7:1; Co, 15:5 per cent) 
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Manganese potassium salt (П).—Маовалеве chloride (2'5 g.) 
dissolved in the least quantity of water was added, drop by drop, 
with constant stirring to a cold saturated solution of 5g. of the 
potassium sali (Ray, loc. cit.). The precipitate, formed, was filtered 
and washed with ice-cold water, then with cold dilute aleohol and 
finally with absolute alcohol. When dried in air, the substance formed 
a pale yellow cryatalline powder. (Found: Co, 11°56; K, 15°46; 
Mn, 10:88. Мак, [(CN),. CoS 03] aa requires Co, 11°66; 
K, 16'41; Mn, 10°90 per cent). А . 


Manganese salt (IJI).—Calcium salt (2:6 g.) (Ray and Maulik, 
loc, cit.) was added to the solution’ of an excess of manganese chlo- 
ride (25 g. in 15 c.c. water). The mixture containing the thick 
precipitate was carefully heated in the water-bath till it completely 
went into solution. This was then filtered and allowed to evaporate 
ab the ordinary temperature in air. The crystals formed, were 
drained, washed at first with cold water, then with alcohol, end 
finally dried in air. (Found: Oo, 11°47; Mn, 21:80. Mng[(CN);- 
Co'8404,] 689.0 requires бо, 11'87; Mn, 9116 per cent). 


Tetra- and di-ammonium copper salt (IV & V).— Calcium ealt 
(5 g.) dissolved in the least quantity of-cold water, was added 
to cold saturated solution -of crystallised cuprio chloride (б g.) 
with constant stirring. The gelatinous precipitate, producad, 
was filtered through ж “Buchner. funnel, and the mother liquor was 
drained as far as possible, The. solid mass was then transferred to 
а spall conical flask with about 25 0.0.-0# water. The flask was 
cooled in ice and ammonia gas was passed thrcugh the mixture. 
The substance gradually went into solution.- Оп maintaining the 
current of ammonia gas for about 2 hours, blue crystals separated 
from the solution. These were purifiód by dissolving them in the 
least quantity of water and saturating the solution again with ammo- 
nis gas. at & low temperature. The blue crystals, reprecipitated, 
were drained, washed with acold saturated solution of ammonia, 
followed by ice-cold alcoholic ammonia. They wera then dried over 
quick lime in an atmosphere of ammonia gas. (Faund: Co, 10:52; 
‚Оп, 22:86; NH,, 2412. [Са(мН.). | [(CN),°Co'8,03] requires 
Со, 10°4; Ou, 22°88; NH,, 24°15 per cent). 


When the above compound was exposed to the atmospheric air, 
it lost ammonia and turned green. When the weight became cons- 
‘tant 16 was analysed. (Found: Co, 10°78; Cu, 22°78; МН., 12:27. 
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[Cu (NH3)s]s [(CN)5:Co'850; ]8H40 requires Co, 10°75; Cu, 22°95; 
NHs, 12789 per cent): 


When dried-over quick lime, ihe green orystals lost their water 
of crystallisation. Мо loss of ammonia, however, occurred. (Found: 
Cu, 25°57; NHs, 18:00. The’ anhydrous salb requires Cu, 25°47; 
МН;, 18°74 per cent). 

‚ Tetra- and di-ammonium гіпо salt (VI & VII).—A solution of 
calcium salt @5 g.) in about*20 c.c. of water was added with constant 
stirring to a solution of an equal weight of zine chloride in 25 o.c. of 
water. Тһе jelly-like mass, thus obtained, was drained as thoroughly 
as possible and then transferred to a small conical flask with a little 
water. This was treated with ammonia gas at low -temperature till a 
clear solution was obtained. ‘his was filtered, and the filtrate was 
cooled in ice and saturated with ammonia gas. The crystals, separated, 
were purified by dissolving them in water, and saturating the solution 
once again with ammonia gas. Thepure crystals were filtered and 
washed with cold concentrated ammonia followed by alcoholic ammo- 
nig. These were dried over quick lime in an atmosphere of ammonia. 
(Found: Co, 10:81 ; МН», 28:02; Zn, 28:14. [Zn(NH3)4]s [(CN) = 
Co'8405].requires Оо, 10°41; NHg, 28:08; Zn, 22:08 per cent). 

When the purified crystals were dried to constant weight in air, 
they lost ammonia and changed to the diammino: compound. 
(Found: Оо, 10:84; NH,, 11:85; Zn, *04:84. [Zn(NH 3)s]5- 
[CN)$4'Co:85035] 4Н„О requires Co, 10°84; NH}, 11°91; Zn, 22:77 
per cent). е ә 

Penta- and di-ammonium nickel salts (VIII & IX).—A solution 
of calcium salt (5 g.) was added to а solution of an equal weight 
of nickel chloride erystals.in the cold. The precipitaté obtained 
was drained and treated with ammonia es described under 
the copper salt. The crystals separated were dissolved in dilute 
ammonia and reprecipitated from the solution by the passage of 
ammonia gas. The yellowish-green crystals, thus obtained, were 
dried over quick lime in an atmosphere of ammonia. (Found: 
Со, 918; Ni 1824; NH}, 26°65. [Ni (NHg)le (ОМ), 
Co'S,0,] 8H,O requires Co, 9:10; Ni, 18°28; NH 3, 26°46 per cent). 
The composition of this compound is rather unusual, as the nickel 
atom appears to have в co-ordination number of 5 with respect to 
ammonia. Itmay, however, be represented as [Ni(NH;), H,O],- 
(СМ), `Со'850:19,0. 
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When exposed to the atmosphere, the yellowish green crystals 
rapidly lost a part of its ammonia and turned green. (Found: 
Ni, 19°68; NH}, 11:52. [Ni (NHg)g]g [(CN),;'CoS,0,| 689,0 
requires Ni, 19°75; NH}, 11°44 per cent). 

Silver salt (X).—A cold aqueous solution of the potassium salt 
(8 д.) was added drop by drop with constant stirring to an ice-cold 
solution of silver nitrate (5 g.). The precipitated silver salb was 
washed by decantation with water at 0° till free from soluble 
matter. It was then filtered at the pump, ‘washed with cold alcohol 
and dried oveg sulphuric acid. The substance formed a light yellow 
powder. (Found: Ag, 59'1; Co, 8°04. Ag,[CN),‘Co’8,05] requires 
Ag, 68°94; Oo, 80% per cent). 

Silverammonium salt (XI).—The freshly prepared silver com- 
pound was dissolved in concentrated ammonia inthe cold, and the 
solution was saturated with ammonia gas at 0°. The crystals 
separated were drained, washed at first with cold alcoholic ammonis 
and then with ether. The compound is extremely unstable, and 
rapidly turns black due to decomposition. (Found: Ag, 46:88; Co, 
6:81; МН., 8°41. Ag, [(ON)Q;Oo'8590g8].443 NH, 64H,0 requires 
Ag, 46°67 ; Co, 6'87 ; NH3, 8781 per cent). 

The composition indicates that 8 silver atoms are associated with 
9 ammonia molecules, showing that the co-ordination number for 
silver varies between ¢ to 1 here. 


The author wishes to express his grateful thanks to Prof. P. Ray 
for bis kind interest in the work and the encouragement received 


from him. 


CHEMICAL LABORATORY, 
UNIVERSITY Ооывав or Scrence, Received August 21, 1938. 
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Nickel Salts as Light Filters. 
By W. V. Внлатат, 


It is well known éhtt the addition of nickel oxide makes a 
glass very suitable for the transmission of ultraviolet rays and 
cutting of visible and infra-red radiations. Coblentz (Bureau of 
Standards, 1911, No. 7, 658) examined nickel chloride in search 
of а substance which absorbs all the infra-red rays. Emerson, 
` Coblentz and Lang (ibid., 1918, No. 895, 658) determined the 
transmission of a one om. layer of nickel sulphate Ni8SO,, 7H,0, 
nickel nitrate Ni(NO;)s and nickel acetate Ni(C43H 30), the concen- 
tration in all cases being 10 в. of salt in 100 с.с. of water. Their 
results are summarised in the following table. 


A= Wave-length in A units. % T= Percentage transmission. 


A „. 6000 7000 8000 9000 10000 11000 19000 18000 
AT, №80, .. 4 а юз б 838 16 9 4°5 
XT,N(NOJ, . 48 э п о о и G 1 8 4 
%Т, МОНО); 2 10 86 48 38 10 4 2 


They have plotted the transmission curves. They are of ingerest 
in showing a sharp absorption bend at 0`7д followed by complete 
‚ opacity at 1'4u caused by the abosrption of water. None of these 
solutions were found to be as suitable as cupric chloride for absorb- 
ing infrared. Solutions of nickel sulphate, potassium chromate and 
potassium permanganate are said to transmit the wave-length 


6140-5760A. Houstoun (Proc. Roy. Soc, Edin., 1911, 84, 588, 547) 
has also investigated the absorption of nickel salts in visible, infra- 
red and ultraviolet for some concentrations but has not discussed 
thier use as light filters. 

The author has determined the absorption and percentage trans- 
mission of solutions of nickel chloride, nickel nitrate, nickel sulphate 
and nickel ammonium sulphate of various concentration. The 
method of measurement is the same as given in previous papers 
(Bhagwat and Dhar, J. Phys, Ohem., 1981, 35, 2388) and the 
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concentration of nickel sulphate and nickel ammonium sulphate have 
been determined by estimating as sulphate. 


Nickel Chloride. 


o 
A= Wavelength in A unit. M=Molar concentration. %Т=Рег- 
centage transmission. e= Extinction coefficient. 


Normal solution =N= эс We о nene elt, | 


(i) Concentration 4°68 М. 
A. в. at. fe Re Oe «T. 


4000—4750 oo 0 5600 1°02 eb 
4800 — .9'0 1 5800 1:86 В 
5000 104 9-1 - 600. во 1 
6200 0-77 16-9 ` 6050 со 0 
5400 0°84 14d 700 ^ un "T 

(2) Concentration 4'68N. | 
А, e. %Т. Ox е. XT 

000—440 œ Q0 $40 046 ат 
450 . 150 ehar о 060° ду; 
400 1068 — 83 ` _ 8800 088 — 18:2 
"өю ом 358 ^ ^ — ~ 6000 _ 188 ач 
5000 оз 47 c — T в a0 — 1 
5200 - 040 898 | 6800—7000 oo - 0 

(8) Concentration 0°926N. п 
A. в. xT. | P , gT, 
4400 оза 81 | Mo) 097 С 67 
46800 О 617 | 6000 | 086 494 
4800 088 58°9 6900 0-57 969 - 
5000 018 .. вәз 6400 ^07 16-9 
500 © 016 бз - 6600 087 - 184 
5400 | 018. 661 7000 ' 0-99 121 
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Thus the limit of transmission for these salts are as follows. 


Concentration. 
90'20N 
4'68 
0:926 


Range of transmission. 


4750—6050A. 
4400—6820 
4000—7000 


Maximum % T. 
10:9 
43-7 
69-2 


The results of absorption of nickel nitrate solutions .of various 
concentrations have already been published. The limit of trans- 
mission for this salt are as given below. 


Concentration. 
416M 
2°08 
104 
0208 


Range of transmission. 


_ 4400-6100 A* 
4800-6400 A° 
All visible 


Maximum %Т. 
7'9 
80°2 
66:2 
91'2 


It wil be seen from these results that nickel chloride like 
cupric chloride absorbs highly at both the ends of visible spectrum. 
However it has got a very long range of transmission, even the 
most concentrated solution transmitting as long а region as 


4750—6050A. It will also be clear that nickel chloride differs fom 
nickel nitrate in that it does not obey Beer’s law of absorption. 


Infra-red absorption for nickel nitrate hes been determined by 


Cobl 


entz, 


Emerson and Lang (loc. 


cit.) for 10% solution. 


Assuming Beer's law, infra-red absorption for other concentrations 
examined by the author haa been calculated. 


Concent: stion 4'10M. 


A. %Т. А. 
7000 0 11000 
8000 0°67 12000 
9000 8:98 18000 

10000 0'087 14000 


© о o о 


# 


Concentration 2'08М. 


WT. гл. Т. 
0°04 11000 0-19 
8-80 12000 0'028 
102 18000 0 
1:99 1400 0 
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Nickel Sulphate, 
(1) Concentration 5'28N. 


A. в, %Т. | A. e. Т. 
6250 oo * 0 5900 040 898 
6200 2'85 > 0-44 6000 0°27 Б8°7 
6000 165 9-8 4800 0-48 381° 
6800 1°85 9-1 4600 0-90 12:5 
5600 0-65 228 — 4500 1:40 8:98 


5400 0'50 . .81.6 4400 со 0 


(2) Concentration 2'81/. 


A, e. %Т. А. e. % T. 
6800 оо 0 ; 6400 0 20 681 
6600 1°85 l'4 6200 0°17 67°6 
640€ | 1-70 1'9 5000 0710 : 194 

' ezc | 126 — 5°6 4800 017 oT 6 
6000 | 0°70 19°9 4600 0°82 47°8 
680 042 88'1 4400 0`88 147 
6600 0°80 501 


8} Concentratioh 0-98М. 


А. е. «T. ~ A. 6. ^T. 
* 7090 — - 5400 0:10 79-4 

din 0°85 14°1 А 5200 0*08 881 

6460 0°70 199 - 5000 005 891 

6200 0:55 * 281 4800 908 83*} 

6000 0°80 601 4600 010 79`4 

5800 017 67.6 4400 0-29 808 | 

5600 0:16 1@`4 

Thus the limits of transmission for nickel sulphate are as given 

i аи х Range of transmissions Maximum % T. 

5'28N 4400-6200 А BE тоо 
2'8 4000-6800 79-4 


0°98 All 891 
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Nickel Ammonium Sulphate. 


А. 8 % Т, А в ^T 
7900 oo о 5800 0°59 25°7 
6400 1°60 2°5 5600 0°44 80:8 
6200 1-28 5'4 5200 0°87 49'8 
6000 0°88 18-1 4700 0°68 26'8 


From the study of these nickel salts it will be clear that all of 


them show & maximum transmission in the region Б000А. It is in- 
teresting to note that in case of nickel chloride the maximum trans- 


mission falls at 5200À. This is evident, because the absorption in 
dilute solution in the case of the nickel salts is mainly due to 
common nickelous ions, but in.case of nickel chloride, the anion also 
exerts its influence, especially in concentrated solutions, where the 
absorption is mainly due to nickel chloride molecule. We know that 


___ chlorine has absorption towards violet and hence the maxima for the 


transmission is shifted towards longer wave-length. When the solu- 
А tion becomes dilute even nickel chloride shows maximum transmission 
at 5000A. 
The ultraviolet transmission for nickel nitrate has been deter- 
mined photographically and is recorded below. 


Cons. (M) .. 416 2°08. 104 


Бапде of 5 
transmission(A) 


0'416 (7208 0090 


8827-84127 8807-8598, 8248-8598 324-8560 and 2618-8880. e 
above 
Thus nickel ‘nitrate has absorption maxima in the region, 8880- 


4028À in the ultra vioiet. . 
The author (Bhagwat, U.P. Acad. Sciences, 1982, 2, 67) has al- 
ready discussed the use of nickel selts as light filters in combination 
with cobalt salts and have shown that these combinations transmit 
purely the ultraviolet region and hence are most suitable light filters 
for ultraviolet transmission. A short summary of these ultraviolet 
light filters is given below. 


t Ultraviolet and Visible Transmission. 
Salt. Time of expoaure. Visible. Ultraviolet. 
(1) 208M-Ni(NOs)a + А А 
1'88М-0001,, each in 4 hr. 6600-6800A 3807-8598 А 
1 om. quarter cell 
(2) 418M-Ni (МОЗ), + | 3420-8597 
8:56M-OoCls 4 o Ni (faint) 
(8) 2'08M-Ni(NOg4«- Е 
868.006}; 4 Nil 3807-8598 
(4)  8'66M-CoOl; 4 7100-7600А 9618-4063 


2 
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` Nickel Nitrate. 


(Г) Concentration 4°16M. 


`8) Concentration 2:08M. 


^T. 


(8) Concentration 1:04M. 


A. 


e. 
0°82 
0-55 
0*80 


15°1 


56-8 


1000 


2`65 
4°45 


faint 
оо 


г o 
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(4) Concentration 0°208M. 


№ 6 ФТ А. e OT 
4400 018 091 5800 0-09 815 
4800 010 194 6000 0-18 693 
4800 0-08 871 6200 0-29 51-8 
5000 oos gra 6400 086 46 
500 оъ ва 6600 040 898 
5400 0°06 89-1 1000 045 855 
5600 005 891 


My best and sincere thanks are due to prof. ЇЧ. В. Dhar for his 
kind help and interest during the eourse of this work. 


OHEMIOCAL LABORATORY, 
AGRA Cornrxan, Received August 28, 1938. 
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On the рн of Sols after Coagulation with Electrolytes. 


By SaTyAPRASAD RAYOHOUDHURY, AMIYAKUMAR SEN 
AND Азотовн CHATTERJEE. 


The present paper records the following measurements : 


(1) The рн of a ferric hydroxide sol (A) оп the addition of inerea- 
sing quantities of solid КОГ, KBr, K,80, and KNO,. 

(2) The рн of an arsenious sulphide sol on the addition of 
increasing quantities of solid KCl and KBr. 

(8) The рн and Cl’ ion concentrations for (a) an aluminium 
hydroxide sol with the addition of increasing concentrations of 
K,80,, K3C50,, KNOg, K,Fe(CN),, NaNO, Na59C50,, and KCl 
solutions, and (b) a ferric hydroxide sol in contact with К.80,, 
K,C,0,, КМО., NaNO, and NagC,0, solutions. 


EXPERIMENTAL. 


Preparation of the Sols. 


Ferric hydrozide вої. —10 О е. of a saturated solution of ferric 
chloride were added drop by drop to 600 o.c. of boiling conductivity 
water and the resulting sol was dialysed with frequent changes of 
distilled water until the dialysate was practically free from chloride. 
The sol was then stocked in wide mouthed Jena glass bottles. 

Two such samples (A and B) were used in the course of the work 
in the present paper. ý 

Arsenious sulphide вої. —А saturated solution of arsenious oxide 
was mixed with twice its volume of conductivity water. One litre 
of the diluted solution was added to a litre of conductivity water 
saturated with hydrogen sulphide, a gentle stream of which was 
eonbinued till only a trace of arsenious acid was left free in the 
solution. 

Aluminium hydroxide 80l.—The aluminium hydroxide solution 
was prepared by adding slightly less than the equivalent amount of 
ammonium hydroxide solution (N/10) slowly and with vigorous stirr- 
ing о а solution of sluminium chloride (N/10). The resulting sol 
was purified by dialysis in a parchment bag against repeated changes 
of distilled water, until a turbid sol was obtained. 

Measurement of pm valucs.—The pH values were measured by 
the colorimetric method or by means of quinhydrone electrode or Но 


$ 
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electrode against N-calomel electrode. А Hahn type (Hartmann and 
Braun, No. 16018) potentiometer was employed for measurement of 
e.m.f. P | | 

Measurement of Ol ion concentrations.—' The О]. ion concentra- 
tions with both Al(OH), and Fe(OH); sols were measured by means 
of the Ag-AgCl electrode (of. Noyes and Ellis, J. Amer. Chem. Koc., 
1917, 39, 2582). к< 7 | 


~ + 


‘ * Procedure. | 


In order to avoid the dilution of the sol on the addition of an 
electrolyte solution to a definite volume of the sol (ferric hydroxide 
sol A and the arsenious sulphide sol) weighed amcunts of different ' 
“solid electrolytes were added; the mixture was centrifuged and the 
рн of the supernatant liquid determined either by the colorimetric 
or by the e,m.f. method, 

In the case of ferric hydroxide sol (В) and aluminium hydroxide 
во], 25 o.c. of the pure sol were in each case mixed with 25 c.c. of 
electrolyte and water and the mixtures were allowed to remain in 
contact for 16 hours. Where coagulation took place, the mixture 
was centrifuged and the p, and Cl! ion concentrations of the 
supernatant liquid were measured. Duplicate observations were 
taken in several cases. The results are reproducible. Concentration 
term in Tables I, II and III denotes concentration in g. equivalent 
per litre. 25 О с. of sol were taken in the case of the data in Tables 
IM, All measurements were taken ab room temperature. 


* * ы 


TABLE I. 


Ferric hydroxide aol (А). 


| -Gono 0-325 0-430 0:537 
‚КО ге | 

| фи 4.58% 5.06% 5.85%. `5:50* 
UT У 0-184 0-901. 0-938 0-835 
КВг 

і ipa. 5-20* ` 684% 6.42% 5:6" 
> etl Cone. 0-05 0-10 0-15 0-20 
„KBO +... i ; 
| ` (он G-ga" | 7.194 7.3 7+ Att 
"(Qe . 0:114 0-171 0-928 0.285 
-KNO ~ | 

pH 6.0" 6-9** 0-8*« "out. 


— 0:915 


ds ¥ pu taken'by Hellige Immersion colorimeter. 
-itt рн taken by Helhge Disc comparator. ` 


& 
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TABLE 1l. 


Arsentous sulphide gol (original). 


f Cone.” 0-215 0:892 0.587 0-759 
KOJ | І | 
| рнж 8-40 8:48 8-52 4.54 

Cone, . 0:184. 0:201 ‚ 0-885 0:469 
KBr | 

рн" . 3:44 * 2:46 8°68 3.60 

Tass IIT, 
Arsenious sulphide sol .doubly diluted, i.e., 1:1). 
- (Cone. *  Q-286 - 0-828 0-597 6-759 

KOI : ; 

рв* 8.66 - 8:66 | 867 8-70 

douc’ " 084. 0:961 0.305 ^ 0460 
KBr | 


pu* 3-67 8-67 | 868 " "870 


* Hy-slectrode was employed. The liquid obtained after coagulation contained 
a trace of free arsenious oxide and no hydrogen sulphide could be detected with lead 
acetate. Тһе H,-electrode gave а consistent and steady e.fh. f 
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DISCUSSION; 


"ч 
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__ Variation of roe 


"^ 
+. 


Ferric hydrozide sol (А) and argenious Шона 8ol (Tables І, 
ПІ).--ТһҺе рн regularly і inereases with the amount of solid salt added. 
With arsenious sulphide the increase is much smaller. The concen 
tration of the colloidal solution has also an influence on the pu. 
Thomas and Whitehead (J. Phys. Chem., 1981, 88, 27)'working with 
aluminium oxide sols observed a regular ‘increase in the рн below the 
coagulation concentration which apparently continues after the whole 
of the colloid is coagulated. Weiser (J. Phys. Chom., 1981, 88, 1) 
has observed that though the whole of the sulphate is taken up by the 
colloid (ferric oxide) so that none of it is left in the intermicellar 
liquid less than half the equivalent amount of chlorine is displaced 
from the colloidal particle, With increase in the concentration of the 
sulphate, the amount of chloride displaced increases linearly but 
suddenly rises near about the precipitation concentration whereafter it 
has the form of a typical adsorption isotherm. Weiser (ibid., 1981, 88, 
1888) working with aluminium hydroxide sols has recently measured 
the рн systematically at concentrations on both sides of the precipita- 
tion value. He obtained in most cases & rise in рн but with potássium 
sulphate and’ а partipular sol of aluminium oxide, he observed a 
lowering of the pH. There is a difference between the experimental 
conditions used by, the above authors and those used by us in that the 
вой salt has been used. 


The order of the coagulation power of the anions for ferric oxide 
sols is as follows: sulphate > chloride > nitrate > bromide (vide 
` Freundlich, Z. phyatkal. Chem., 1908, 44,151). No such relation- 
ship exists between the рн at equivalent concentrations of the anions 
and their coagulating powers. The same conclusion. has been arrived 
at by Weiser (loc. cit.). 


(b) Ferric hydrozide sol (B) and aluminium hydrozide sol.— 
Potassium and sodium nitrates have the leest effect on the 
pH value of both sols. These electrolytes cause no change of pn 
with ferric hydroxide sol while with aluminium hydroxide sol there is 
a slight change in the рн values; with the latter sol sodium nitrate 
increases the pa slightly but perceptibly. .A greater effect of Na’ as 
compared with K''is also noticeable if we compare the two electro- 
lytes NagC,O, and K,050,.. Moreover, comparing KOI with KNO, 
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the рн is relatively greater for the chloride than for the nitrate. C304" - 
and 80," lave much greater effect ой the рь than Cl’ or NO’. The’ 
difference may be partially explained if we assume the formation of 
H30$0, and НоВО.. There is another possibility. The surface of the 
colloidal particles of ferric or aluminium oxide may contain simple or : 
complex ion or aluminium ions of different valencies, e. g., Fe***, 
(FeOH)** or (Е6001)** or (Е60)+. SO," or С,0," ions being di- 
valent the number of Fe**or other higher valent ions disappear more 
quickly. Assuming an equifibrium between the ions on the surface 
with hydrogen ions in the ‘solution it would be evident that the stabi- 
lity of higher valent ions which corresponds to higher stages of the 
dissociation of the base requires & p, value lower than that for the 
lower valent ions. The disappearance of the higher valent ions would 
thus result in в diminution of the hydrogen ion concentration. The 
atability of these complexes would also depend on the chemical affinity 
í. e. the nature of the ions. Lastly the process of coagulation may 
affect the pg by the entrainment of.ions or by liberation of a part of 
the surface ions. ВО,” has a greater coagulating action than C,0,! 
on Al (ОН) з sol, but a much smaller effect on the рн and on the con- 
centration of chlorine than 050,4. 

-From Tables IV and V we find the following order of anions re- 

garding their power to increase the рн values: 

For ferric hydroxide sol the order is O40," > BO," > NO,. 

For aluminium hydroxide sol the order is "0,0," > ВО 4" >. 
Ol! > NO,’ 


Variation of Ol! ton Concentrations. 


Ferrio hydrozide sol (A) and aluminium hydroxide sol (vide Tables © 
IV and V).—With Al(OH), sol KNO, has practically no effect on СИ 
ion concentrations. NaNO, shows a slight decreasg and then a 
marked fali at higher concentrations of the electrolytes. With K,80, 
and NagC,0, еге is a considerable increase in Ol' ion concentra- 
tions. -C,0," lias somewhat greater effect as compared to SO,’, It ` 

appears that with ВО”, Cl! is liberated as if on by stages while with 
C 5047, Cl’ is liberated continually. This difference may be apparent 
and not real. It is remarkable that in both cases the effect of 
electrolytes on the variation of pz and Cl’ is somewhat parallel, 
This may, mean: breakdown of the original complexes with consequent 
liberation of СИ ions and an increase: in the Pa onthe formation of 
stabler complexes of lower valency. With aluminium hydroxide sol 


emet 
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K050, has а greater effeob, in increasing the ОГ ion concentrations : 
than N8$6050,; nx ferric ME во] the opposite behaviour is 
observed. 

Curiously enough, KNO, does not increase the Cl! ion concentra- 
tions. NaNO, increases the Cl! ion concentrations of Al (ОН), sol 
when the concentration of electrolyte is very low bui a fall of the GU 
ion increase is noticed st higher concentrations. In the case of 
Fe (OH); sol there is a continuous fall in Cl’ ion concentrations at ell: 
concentrations of added electrolyte. The difference in the effects of 
KNO, and NaNO, оп the рн and in the liberation of the chlorine 
has some points of similarity. O,0," and SO," increase the OV ion 
concentrations of Fe(OH), sol. 


The order in which the above anions increases the chlorine 
ion concentration is as follews: 


Fe(OH}; sol SO," © 0,0,” > МО» 
Al(OH), sol 0,0," > 80,’ > NO 


‚ 16 will be seen that there is no exact parallelism between coagu- 
tion capacity, the liberation of chlorine ions and pm. The reaction 
that takes place is thus complicated and theoretically one can 
conceive the following reactions being responsible for the ultimate - 
result: (a) the resotion, of the primarily or electrically adsorbed ion 
and those ів the mobie layer with those in solution ; (b) the trans- 
formation of BO," or C40," ions to НВО,’ or HC40,' in the intermi- 
cellaty liquid itself, and о) the entrainment or liberation of ions 
and consequent hydrolytic ` and other ‘changes =e from 
кшш: itself, i 


BUMMARY, | 

1. The pH of the supernatant liquid after coagulation of farrio. 
hydroxide (A) and arsenious sulphide sols depends on the nature of 

the coagulating electrolyte and to а less extent on ite amount. .Wibh. 
both sols the pH increases on addition of larger amounts of solid 

electrolytes. With arsenious sulphide sol, the increase in pu is very, . 

slight. 
2. With ferric hydroxide sol (B) and aluminium hydroxide sol, 
there is a tendency for increase in pH and Ol ion concentrations. 

on addition of increasing concentrations of electrolytes. - 


ЫР - - 


COAGULATION WITH ELECTROLYTES oi 


(а) Potassium and sodium nitrates have the least effect on the 
Рн value of both sols. 
(b) The following orders of ions for i increasing the pg have 
been observed : 
Ferric hydroxide sol C904," > 80," > NO, 
Aluminium hydroxide sol 0,0," > 80," > МО’. 
(c) The order in which the anions increase the Cl’ ion concentra- 
tions are as follows: 
Ferric hydroxide sol 80,” > 050, 3 ‘NO’, 
Aluminium hydroxide sol C40," > BO," > КО» 
(d) Potassium nitrate has got no effect in increasing the Ol’ ion 
concentration of sols. 


(e) There is no exact parallelism between coagulating capacity, 
_ the liberation of Cl’ ions and the ри: 


-Our thanks are due to Prof. J. N. Mukherjee, D. Во. for his 
kind interest in this work. 
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Influence of Attached Rings on the Formation and 
Stability of Heterocyclic Compounds. 
Part II. | 
Bv Тылнрвл МАТН бновн. 

In part I (J. Indian Chem. Вос., 1088, 10, 588) а hypothesis has 
been developed on the basis of some experimental facts that the 
fused benzene ring helps ring-formation and the effect appears to 
increase with the increase in the number of benzene rings. In 
order to confirm further this icons. the present eee has 
been undertaken. 

8-Arylthiocarbamidopropionic aid (D is obtained from B-amido- 
propionic acid and isothiocyanate. It does not, however, suffer any 


change even m boiled ie тош Оно acid for a long 
time. 


OH,-NH, вмз CH, -NH-C8—NHR 
OH,-CO,xH . 7 „CHa e GO,H 
E @ 7 


B-Phenyl-B-arylthiocarbamidopropionie acid (IT), obtained from 
B-amido.B-phenylpropionie acid and isothiocyanate, yields, on treat- 
ment with acetic anhydride, a thiazine derivative (III) which cannot 
be desulphurised by oxide of mercury. The thiazine derivative (IIT) 
is easily hydrolysed to compound (П) by normal alkali even in the 
cold. did 


„<= 


PhOH-NH-CS8-NHR AC40 PhCH——N =C -NEHER 
CHa — COH alkali Н,-С0-8 _ 
(П) Ш) 


It has already been found (Ghosh, J. Indian Chem. Sooc;, 1980, 7, 
981) that anthranilic acid gives a quinazoline derivative with isothio- 
eyanate, instead of o-arylthiocarbamidobenzoic acid and that this 
quinazoline is converted into a benzothiazine derivative by the action 
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of strong sulphuric acid. Tha above benzothiazine derivative canríob 
be hydrolysed even by, 10 № alcoholic potash or strong acids. 


NH, вмов NH-C 
бын, 0— к do ә 
О “Noo 


^ 


The dipotassium salt of ó-benzoyleneurea, obtained by the action’ 
of hot alcoholic potash, gives the corresponding diethyl derivative 
(IV) (Bogert and May, J. Amer. Chem. Boo., 1909, 31, 512) showing 
that alkali cannot bring about the hydrolysis of o-benzoyleneurea. 


NH -CO KOH N(Et)-CO | 
OK le ы CU _ i 
=. is O-NH and НАТ 0—.-МЕф . = 
3 (IV) 


8-Lactylures, on the other hand, is decomposed, on being similarly 
treated with alkali, into the potassium salt of 6-aminopropionic acid. 


ГА 


CH,—-NH-CO - CH,-NH, ~- > 

| и Ж | - NH; +00, 

OH,-CO— CH,—CO,H 
e _ _ = : ‚ Є. 
0-Phenylearbamidobenzoic acid (Paal, Ber., 1894, 27, 978) yields, on 
treatment with acetic anhydride, a benzoxazine derivative (V). | 


N——C-NHPh 
OK oo d 


Similarly B-phenyl-B-phenyloarbamidopropionio acid (VI), obtained 
from §-amido-8-phenylpropionic acid and phenyl isooyanste, yields 
with acetic anhydride an oxazine derivative (VII). 


PhCH-NH-—CO-NHPh PhCH- N——0- NHPh 
bg, -00,H | _ ОН.-00-0 


= ^ EN 1 (VII) * 
— ^ (УГ) - - 
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~ Both"of the above compounds (V and УП) are slowly hydrolysed 
to the corresponding acids in decinormal alkali at ordinary tempera- 
tare but at higher temperature the conversion is too rapid to allow 
any comparative study of the velocity coefficient. 
Salicylidene-anthranilic acid (VIII) yields with acetic anhydride 
а lactone (IX) which remains unchanged i in presence of cold normal 
alkali. This remarkable stability of the eight membered lactone ring 
(IX) is evidently due to the presence of the two fused benzene rings. 


H = H= 
C,H, сн, —> сн, 2» 
| н HO,C 


(VILI) 


Now the very fact that straight chain compounds (I. and II) are 
always obtained from f-amidopropionie acid or its substitution pro- 
ducts with thiccarbimides, whereas under exactly similar conditions, 
quinazolines are obtained from anthranilic acid and thiocarbimides 
and that benzothiazine and o-benzoyleneurea are much more stable 
than the thiazine derivative (IIT) and f-lactylurea respectively, shows 
conclusively how the fused benzene ring helps ring-formation and 
stabilises the heterocyclic systems. 

From the recent velocity coefficient measurgments of Guha- 
Sirear (J. Ohem. Boo., 1927, 600, 1258) it is found that the coefficient 
for the hydrolysis of homophthalimide is nearly half of that of glutar- 
imide, which, in the light of the observations now made, can be 
explained as being due to the presence of the fused benzene ring in 
homophthalimide. Further, there are many heterocyclic compounds 
known the formation of which can be explained on the basis of the 
hypothesis developed in this paper. It is well known that іп ortho- 
substituted phenols ¢.g., o-hydroxybenzoic acids, their esters 
and aldehydes, o-nitrophenols, the polar character due to the 
hydroxylic hydrogen is absent in much the same way as if this 
hydrogen were-replaced by methyl. Philip (J. Chem. Soc., 1908, 
83, 820) has found that o-nitrophenol does not condense with aniline 
as the m- and p-isomerides do. On the basis of eléctronic theory of 
valency, Sidgwick and Callow (J. Chem. Soc., 1924, 128, 582) have 
explained the peculiar behaviour of the ortho- substituted phenols of 
the above type on the assumption that the hydroxylic hydrogén 
participates in a chelate ring-formation which can only, happen if the 


4 
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hydrogen forms a co-ordinate link with some atom of the- second 
substituent thus: 


0,H, Я н. O—H | 
| : E к L-8 (X-OH, Н, O alk) 
X 

These six membered rings belong tó the most atable type of 
chelate ring known. It is further known that the hydroxyl group 
which behaves in а peculiar manner when attached to the benzene 
ring, retains its normal and characteristic property when attached 
to a straight chain system, showing firstly, that there is no formation 
of chelate ring in the latter and secondly, that the formation of 
the chelate ring is evidently due to the presence of the fused benzene 
ring. "E. | / 

In order to explain this behaviour of the fused benzene ring 
in helping ring-formation and promoting ring-stability of heterocyclic 
systems, reference may be made to а very: interesting paper of 
Mills and Nixon (J. Chem. .80c., 1980, 2510) who have shown by 
mathematical calculations of the angles of the carbon atoms that 
round the benzene ring adjacent valancies will be closer when the 
carbon atoms are joined by в single bond. In the open-chain series 
there being no such influence, the ring-formation does not take place 
so readily. 

e Some further interesting examples of the stability of analogous 
heterocyclic systems have been observed in cases where a double 
bond exists just outside the heterocyclic ring. When glycine reacts 
with isothiocyanates (cf. Aschan, Ber., 1884, 17, 420) in each 
case a mixture of the corresponding diazole derivative (X) which 
is soluble in alkali and a smali quantity of diarylthiourea has 
been obtained. The diazole is easily hydrolysed by equimolecular 
quantity of alcoholic alkalis yielding arylthiocerbamidoacetio в acid 


| NH-—O8 NH-O8-NHR 
OH n > CHC | 
Qc Xn 


(XI. The diazole contains a reactive methylene group and 
readily reacta with aldehydes to give-the compound (XII) which, 
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however, is remarkably resistant even towards 10% alcoholic alkalis. 


| ,NH-08 -08 
ROO + 083K | -> ROH= |. 
O-NR | 0- 
(ХП) 


This stability is evidently due to the double bond which has been 
introduced in*compound (XII). 

It is interesting to note that the compound (XII) is not desul- 
phurised by oxide of meroury, whereas the original diazole (X) is 
easily desulphurised, showing firstly that the compound (XII) exists 
only in the tautomeric form and secondly, that the reactivity of the 


- Ne C- 8H 
ROH=O€ 
бы Б 


рен group is conditioned by the presence of the grouping 
Г ~CO-CH, Nn and has been increased by duplication within 
a ring (cf. Higginbotham and Lapworth, J. Chem. Soo., 1922, 121, 
2826). This observation is confirmed by the fact that neither 
arylthiocarbamidoacetic acid nor phenylhydantoin reacts with 
aldehydes under usual conditions. 


è > 
NPh—CO 
сн, | 
| O— NH e 
The compound (XIII), obtained from the diazole (X) and o-nitro- 
benzaldehyde, yields a quinoline derivative (XIV) on reduction with 


tin and hydrochloric acid (cf. Ваеуег and Drewson, Ber., 1888, 16, 
2907). 


. CH 

| NH—OB . ен 

—CH=C¢ (ue MES ! N ү SH 
© CO C— NR 

"NOS N 


- he stability of compounds of the type (XII) compares favourably 
-with that of the fused benzene-heterocyclic systems described in the 
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preliminary portion. Although it is not possible at this stage Lo 
offer any explanation for this similarity of behaviour in the two 
types of compounds, it may be just likely-that the stability of the 
compounds of the type (XII) is conditioned by similar steric con- 
siderations as offered by Mills and Nixon (loc. cit.). 


ESPERIMENTAL. 


|... pB-o-Tolylthiocarbamidopropionio acid (I, R=o-tolyl).—f-Ammo- 
propionic acid (2:2 g.), prepared according to the method of 
Hoogewerff and Dorp (Hec. Trav. Chim., 1891, 10, 4) was dis- 
solved in water to which an alooholic solution of o-tolyl isothio- 
cyanate (8'7 g.) was added and the solution was boiled under 
reflux for about an hour and: cooled when & solid came out which 
erystallised from dilute alcohol in colourless prisms, m.p. 144-45° 
(decomp.). (Found: N, 11°49. 0,,H4 4,05 N,8 requires N, 11°76 
per cent). It is soluble in sodium bicarbonate solution and does 


not suffer any change even when boiled with strong hydrochloric 7 


acid for a long time. It is desulphurised to an alkali insoluble 
compound (m.p. 286-37°) which could not be further studied due to 
poor yield. 

ao Tobit оороо acíd (I, R=p-tolyl) was crys- 
tallised from dilute ¢alcohol in colourless prisms, m. p. 151-52? 
(decomp.). (Found: N, 11°62; С; НОВ requires N, 11°76 
per, cent). 

*B- Phenyl-B- нна Ма бир acid (II, R=phenyl).— 
An alcoholic solution of §-phenylpropionic acid (8'8 g.), prepared 
according to the method of Posner (Ber., 1905, 88, 2820) and phenyl 
isothiooyanate (2'7 в.) was heated under reflux for about 2 hours 
and evaporated when в crystalline mass was obtained which dissolves 
readily in sodium bicarbonate solution and is precipitated by acids. 
It is very soluble in alcohol, ether and acetic acid and was crysta- 
lised from ‘very dilute acetic acid in colourless prisms, m. p. 145-43" 
(decomp.). (Found: В, 10°41. O0,gH,,O0gN,8 requires 8, 10°86 
per cent). It is easily РЕ Ве Е by yellow oxide of паегсигу and 
does not suffer any change even when boiled with strong hydrochloric 
acid. ` 

1-Phenylamino-8-keto-5-phenyl-2 :6-thiasine (ПІ, В = phenyl).—2 G. 
of the” above compound (II, R=phenyl) were heated with 
acetic anhydride (80 с.о.) for about an hour when the -olear solution, 


- 
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ол cooling, deposited a colourless crystalline maes. А further quan- 
tity of the substance was obtained by adding water to the acetic an- 
hydride solution which was being stirred vigorously. It was oryste- 
lised from acetic acid in colourless needles, m. p. 2932-88? (de- 
comp.), yield 1:2 в. (Found:' В, 11°07. C,,H,,0ON,8 requires В, 
11:84 per cent). It is not desulphurised by oxide of mercury. When 
-it is kept in contact with normal caustic potash solution for 2-B hours 
в clear solution is obtained which, on acidification, yields в colourless 
precipitate crystallising from dilute acetic acid in prisms, m. p. 148- 
46° (decomp.). The identity of this compound with the compound 
(II, R=pheny!) was confirmed by mixed m. p., properties and finally 
by analysis. 

B-Phenyl-B-o-tolythiocarbamidopropionic acid (II, R-0-tolyl) was 
crystallised from dilute acetic acid in colourless prisms, m. p. 154- 
56° (decomp.). ` (Found: 8, 9:88. C,4,H,404N38 requires S, 10°19 
per cent). mE . 

1-o-Tolylamino-8-keto-b-phenyl-2 :6-thiazine (IIT, R=o-tolyl) was 
crystallised from acetic acid in colourless needles, m. p. 169°. 
(Found: В, 10:58. 0,7H,,ON,8 requires B, 10°81 per cent). It is 
also easily hydrolysed by caustic potash solution. 

Diethyl derivative of- o-benzoyleneurea (IV).—o-Benzoyleneures 
(1 mol.) was dissolved in alcoholic potash (caustic potash, 2 
mols.) which was heated under reflux for aboyt gn hour and then 
evaporated almost to dryness. The potassium salé thus obtained is 
very soluble in cold water from which it is precipitated by the addi- 
tion of large quantity of alcohol in beautiful colourless plates, rfi. p. 
above 800°. On acidification it yielded o-benzoyleneurea. It was 
dissolved in the smallest quantity of water to which an alcoholic 
solution of ethyl iodide (2 mols.) was added and the solution was 
boiled under reflux for about half an hour and then evaporated. The 
product. was crystallised from dilute alcoho! in beautiful colourless 
slender needles, m. р. 108°. (Found: М, 12°82. С.Н, .ОзМ) re- 
quires N, 12°84 per cent). Bogert and May (loc. cit.) give 105-8? 
as the m. p. of the compound. 

Action of alkali on B-lactylurea.—-Lactylurea (1 mol.) was dissolv- 
ed in alcoholic potash (caustic potash being 2 mols), heated under 
reflux for about an hour and evaporated almost to dryness, The 
potassium salt was dissolved in cold water and acidified when an 
effervescence of carbon dioxide began. No solid, however, came out. 
From the clear solution 8-aminopropionic acid was isolated accord- 
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ing to the method of Hoogewerft and Dorp (loc. cit.) and identified 
with a genuine sample. 

-  1-Phenylamino-8-heto-4 :5-benso-2:6-ozasine (V).—An acetic an- 
‘hydride solution of o-phenylearbamidobenzoie acid (5 g.) was heated 
under reflux for about half an hour. The clear solution, on cooling, 
gave a mixture of a quinazoline derivative (already prepared by. Paal, 
Loc. oft.) and the oxazine derivative, from which the latter was separa- 
ted by treatment with very dilute alkali qnd orystallised from alcohol 
in colourless prisms, mi. p. 124-25°, yield 1% в. (Found : N, 
11:48. С.Н, оОзМа requires N, 11°76 per cent). 

- B-Phenyl-B-phenylcarbamidopropionio acid. (VI).—B-Amido-8- 
phenylpropionic acid (8:8 g.) was dissolved in dilute alcohol to which 
phenyl isocyanate (2°8 g.) was added. The precipitate was crystal- 
lised from alcohol in colourless needles, m.p. 168-69° (decomp.), yield 
4'bg. (Found: М, 9°72. C,4H4404N, requires N, 9°85 per cent). 

1-Phenylamino-8-keto-5.phenyl-2 :6-oxazine (VIL).—The method of 
preparation was the same as in the case of the-compound (III). The 
product was crystallised from alcohol in‘ colourless - slender needles, 
m. p. 221-22°. (Found: М, 10°81. C,;gH ,4OgNg requires N, 10°52 
per cent). ; 

Salicylidene-anthranilic acid (VIII).—An acetic acid solution 
of anthranilic acid (2°7 g.) and salicylaldehyde (2:4 р.) was 
heated under reflux for Half an hour when a yellow crystalline mass ` 
-was obtained which further orystallised from acetin acid in yellow 
needles, m. p. 188-90°, yield 8'5 в. (Found: М, 5°58. 0,,H,,0,N 
requires М, 6°81 per cent). It is soluble in aqueous solution of 

‘sodium bicarbonate. i 

Action of acetic anhydride оп the above compound (VIII): For- 
mation of compound (IX).—The method of procedure was the same 
‘as in the case of the compound (III), The product was crystallised 
from alcohol in colourless prisms, m. р: 166-67°. (Found: М, 6°08. 
-0,,H ON requires N, 6:27 per cent). Itis not readily soluble 
in cold normal alkali but when kept in presence of the cold alkali 
for a day it goes into solution which, on acidification, yields 
the original compound (ҮШ). When it is heated with strong 
' hydrochloric acid, the solution, on cooling, deposits в colourless 
‘ orystalline mass which has been identified to be anthranilio acid 
“hydrochloride. 

1-Keto-4-thioketo-5-p-tolyl-3 :5-diagole -(X, ‘R=p-tolyl).—Glycine 
-(8°8 Е.) was dissolved in the smallest quantity of hot water to which 
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an alcoholic solution of p-tolylisothiocyanate (7:5 Е.) was added. 
The solution was boiled under reflux for about an hour and then 
evaporated to dryness. ‘he crystalline precipitate was treated with 
cold dilute caustic potash solution when a small portion remained. 
undissolved. The rose-coloured alkaline solution, on acidification, 
gave a yellowish precipitate which crystallised from alcohol in yellow- 
ish needles, which darken at 205° emitting strong smell of mercap- 
tan and melt completely at 229-80°, yield 8 в. (Found: N, 13°41. 
C1 9H, ,0Ng8 requires М, 18°59 per cent). 

The product insoluble in alkali was. crystallised from alcohol in 
colourless plates, m.p. 176°. The identity of this eompound with 
di-p-tolylthiourea was proven by taking & mixed melting point and 
finally by analysis. 

1-Keto-A4-thioketo-6-o-tolyl-8 : 5-diazole (X, R-o-tolyl) was crys- 
tallised from alcohol in yellowish needles, m.p. 145-46°. (Found: 
М, 18'87. СН, о ОМ%8 requires №, 18:59 per cent). The alkali- 
insoluble compound was similarly proved to be di-o-tolylthiourea. 

p-Tolylthiocarbamidoacetic. acid (XI, R=p-tolyl).—The above 
compound: (Х, R=p-tolyl ; 8:8 g.) was dissolved in 100 с.с. of 
alcohol containing 1'3 р. of caustic potash. The rose-coloured clear 
solution was heated under reflux for about an hour and evaporated 
to dryness. The solid was washed several times with absolute 
aleohol and crystallised from water in eolourlegs prisms. It is the 
potassium salt of p-tolylthiocarbamidoacetic acid, colours. pink on 
heating and melts at 240° (decomp.). (Found: М, 10°46. 
Cy9H,,OgNg8K requires М, 10°69 per cent). The free acid *was 
obtained as a colourless precipitate when a cold aqueous solution of 
the above ‘potassium salt was acidified with dilute hydrochloric acid. 
It crystallised from hot water in colourless rectangular plates, m.p. 
147-48° (decomp.). (Found: М, 12:81. C, 9H, ,O09gN8 requires М, 
12°50 per cent). It is readily soluble in sodium bicarbonate 
solution. 

o-Tolylthiocarbamidoacetic acid (ХТ, R=o-tolyl) was orystallised 
from dilute alcohol in colourless prisms, m.p. 141-42° (decomp.). 
(Found: N, 12:28. C,6H4904N5$8 requires М, 12°60 per cent). 

1-Keto-9-bensal-4-thioketo-6-phenyl-B : 5-diazole (ХП, В=В/= 
phenyl)——A glacial acetic acid solution of benzaldehyde (2°1 g.) and 
the diazole derivative (X, R=phenyl ; 8'8 р.) was heated under re- 
flux for about an hour. Тһе clear solution, on cooling, deposited a 
orystalline mass which further orystallised from alcohol in besutiful 


- 
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yellowish plates, m.p. 196-97°. It is soluble in dilute alkali and is ` 


precipitated by acids. (Found: М, 10°18. ©,gH ,ON,8 requires М, 
10'0 per cent). It is not desulphurised by oxide of mercury and 
remains unchanged even when heated with 10 % alcoholic potash. 
1-Keto-2-benzal-A-thioketo-b-p-tolyl-B :6-diasole was ^ crystallised 
from alcohol in yellowish plates, m.p. 180-81°. н N, 9:81. 
O4, H,4,0N48B requires М, 9°52 per cent). 
1-Keto-2-0-nitrobensal-4-thioketo- -5-phenyl- 8 :5-diazole (XIII, В = 


phenyl).—The product, obtained by condensing. o-nitrobenzaldehyde . 


with the diazole derivative (X, R= phenyl) in acetic anhydride solu- 
tion, was crystallised from alcohol in yellow needles, m.p. 210-18". 
(Found: М, 12°64. C,4,H4,,04N48 requires М, 12°92 per cent). 

Reduction of the above compound (XIII): Formation of com- 
pound (XIV, R=phenyl).—The above compound (б р.) was heated 
under reflux with strong hydrochloric acid (70 се.) and granulated 
tin (25 g.) for about 8 hours when a clear solution was obtained. 
The solution was then diluted with water when a precipitate came 
down which crystallised from dilute alcohol in brownish white need- 
les, m.p. 186°, yield 1°5 в. (Found: М, 14:88. ©,gH,,N,8 requires 
N, 15:16 percent). It is soluble in alkali and is precipitated by 
acids. | 

Further work in this line is in progress. 

"My best thanks greedue to Prof. P. C. Guha and Dr. С. C. Cha- 
kravarti for their kind interest and valuable suggestions in the 
courage of this investigation. 
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Chemical Reactivity and Light Absorption Part I. 
В? N. В. DHAR AND А. К. BHATTAOHARYYA. 


It can now be stated with а certain amount of definiteness that 
the appearance of a continuous absorption (non-quantised absorption) 
spectrum of a gas is always а case of photochemical dissociation 
baking place in the gas. Moreover, convergence limits and continu- 
ous absorption have up till now only been observed for those mole- 
cules in which the binding forces are appreciably weakened by 
absorption. 


According to Kuhn and Franck, one normal and one excited meta- 
stable atom are produced from the dissociation of the halogen mole- 
cules. Naturally, more energy is required for this type of dissocia- 
tion than in the cases where the products of dissociation are two 
normal atoms. Mecke (Trans. Faraday Soc., 1981, 27, 859) has 
drawn the following conclusion from his obsegvations on molecular 
spectra and photochemical dissociation : 


'* On the short wave side of the band convergence limit and in a 
spectral region distinguished by continuous absorption and by the 
fact that the molecules cease to fluoresce, a photochemical reaction 
with theoretical quantum yield can take place (chain reactions are 
of course excluded from this last statement). At the entrance to 
this region is a spectral region, more or less wide, in which the 
absorbed energy is not sufficient to produce primary dissociation but 
which nevertheless is large enough when transferred by impact, to 
produce dissociation by seusitising. In this spectral region as is 
usual for reactions with excited molecules we obtain only a fraction 
of the theoretical yield for quantum; as the convergence limit is 
approached, however, this yield rapidly attains the maximum 
value’. 

The phenomenon of sensitised decomposition of simple molecules 
is more or less allied to the phenomenon of predissociation studied 
by Victor Henri with polyatomic molecules, 


5 
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It appears, therefore that increase in the light absorption by a 
molecule is associated with its increased reactivity and loosening of 
the binding forces. Conversely when a molecule becomes more reac- 
tive, ib is likely to absorb light more markedly. Henri (Compare 
Debye, ‘‘Structure of Molecules,” Blackie & Son, 1082) has shown 
that the absorption spectra of a number of molecules pass 
from a fine structure to a blurred one consisting of diffuse bands in 
the short wave-length side of the spectrum. The condition of the 
molecule in which the bands are diffused has been called the predts- 
sociation, as it has been observed that in this condition the molecules 
are chemically reactive and can decompose. The limit of predissocia- 
tion is assumed to set the upper limit of dissociation of a molecule. 


Henri has reported that an increase of temperature displaces the 
limits of dissociation towards the visible region and the radiations of 
the region of predissociation causes photochemical reaction or 
chemical sensitisation of the molecules. 


' From the researches of Henri and- others it is clear that on 
increasing the temperature, the amount of light absorption increases 
and the molecules dissociate on illumination by radiations of longer 
wave-lengths. Thus with acetaldehyde, the absorption spectrum at 
the laboratory temperature consists of large number of PRRD bands 
with rotational strtcture between 8484 to 3050A. Near 8060A the 
bands become blurred rapidly due to predissocistion of the molecules 
and about 60 diffuse bands reaching upto 2828A have been measured. 
Also there is superimposed on these diffuse bands, a broad continu- 
ous band starting at about 8080A witha maximum at 2850A and 
subsequently falling off more and more on the ultraviolet side. If 
acetaldehyde vapour is heated to 200°, feeble diffuse bands appear 
between 8500 and 8200A with a strong continuous absorption reach- 
ing far into the ultraviolet. 

When acetaldehyde vapour is illuminated at the laboratory tem- 
perature, decomposition takes place into CO and CH, only when the 
wave-length із 8002А or shorter ; whilst at 200°, acetaldehyde vapour 
can be photolysed by radiations of wave-length exceeding B100A. 
According to Hinshelwood and Hutchinson (Proc. Roy. Soc., 1926, A, 
111, 880), acetaldehyde vapour can be thermally dacomposed at 480°. 
Similar behaviour has been observed with other aldehydes, СВ, 
NH,, NOg, sulphur and other substances, 


t 
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, It appears, therefore, from these researches on photochemical : 
decomposition and predissociation that the increase in the chemical 
reactivity of a substance by increase of temperature is associated 
with an increased light absorption, specially of ultraviolet light. 
Moreover, increased temperature of the molecules sensitises them 
towards their decomposition by longer wave-lengths. Hence the 
weakening of the bindining forces of molecules and thus making them 
unstable is associated with increased light absorption by the mole- 
cules. These researches dn predissociation and chemical decomposi- 
tion have been solely confined to pure individual substances and not 
to mixtures with which chemists are mainly concerned. Let us 
examine the problem from the point of view of mixtures of two or 
more substances. 


I$ is well known that in their experiments on the photochemical 
combination of hydrogen and chlorine, Bunsen and Roscoe reported 
that the absorption of light by chlorine was increased by the ргезепее . 
of hydrogen, although Burgess and Chapman (J. Ohem. Soc., 1906, 
89, 1402) could not detect any difference in the absorption of pure 
chlorine or its mixture with air or hydrogen. 


On the other hand, Weigert (2. physikal. Ohem., 1926, 120, 215) 


has shown that radiations of mean wave-length 59004, and 
Dhar and Bhagwat (Z. anorg. Chem., 1980, 190, 416) have reported 


that radiations of wave-lengths 5750-5800A, 86804, and 7804A can 
accelerate the reaction between chlorine and hydrogen, although the 
calculated maximum wave-length capable of initiating the reaction 


has the value 5400A. This value has been obtained from the heat 
of dissociation of a gram molecule of chlorine having the value 
52500 calories. According to Mecke (loc, cit.) the limite of sensitised 
decomposition and photochemical dissociation for ohlorlne molecules 
are 6000А- and 4780A respectively. | 

. Several years ago, Sirk (Z. physikal. Chem., 1908, 61, 645) 
observed that chlorine and hydrogen combine in the dark when 


heated to 258^. The temperature coefficient of this thermal reaction 
has the value 1:0 for в 10 degree rise between 268? to 268*. On 


| applying the Perrin-Lewis radiation hypothesis, the value 10,714А 
is obtained for the activation of the reaction. Moreover, Bachtleben 
(Diss. Hannover, 1914) obtained the temperature coefficient 2°04 
fora 10° rise between 146°°5 and 160°'l for the thermal reaction 


= - 
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between chlorine and hydrogen and hence the limiting wave-length 


obtained from this result is 11,110À, a value almost identical to that 
of Sirk (compare Christiansen, Z. physikal. Chem. 1929 B, 2, 405). 
It appears, therefore, that the theoretical limiting wave-length for 
including the photochemical combination of chlorine and hydrogen is 


of the order of 10,000 and the experimental value is near 7000À. 
It is well known that a greater amount of energy is necessary for the 
pHoto-reaction than the thermal one with’ many decomposition re- 
actions and a part of the light energy absorbed may be lost as 
fluorescence. 16 is of interest to note that Norrish (J. Ohem. Boc., 
1927, 761; 1929, 1604, 1611) has concluded that far more energy is 
required to decompose nitrogen peroxide photochemically than ther- 
mally and has been able to observe fluorescence with nitrogen 
peroxide. Similarly fluorescence has been observed in acetaldehyde 
and acetone and formaldehyde vapour (cf. Leighton and Blacet, 
J. Amer. Chem. Soo., 1988, 88, 1766; Damon and Daniels, ibid., 
2868; Crone and Norrish, Nature 1988, 132, 241; Herzberg and 
Franz, Z. physik, 1082, 76, 720). It is clear, therefore, from 
the foregoing remarks that the presence of hydrogen sensitises the de- 
composition of chlorine molecules and makes them reactive in radia- 
tions of longer wave-lengths. The careful measurements of the absorp- ' 
tion spectra of chlorine by von Halban and Siedentopf (Z. physikal. 
Ohem., 1922, 108, ™)° show that the light absorption from yellow 
to red, reaches a maximum between 6140 to 6430А. It appears to 
the suthors that accurate experiments on the absorption spectrum of 
a mixture of hydrogen and chlorine are likely to reveal that the absorp- . 
tion of light by chlorine is increased by the addition of 
hydrogen. 

From our experiments on the kinetics of the iodine oxalate re- 
action, we have observed that tho roaction is markedly accelerated 
by infra-red radiations of wave-lengths. 8500А and 8750A and the 
maximum wave-length calculated from the temperature coefficient 
of the dark reaction was the value 86004. The limits of sensitised 
decomposition and photochemical decomposition with iodine molecules 
are 8050А and 4995À respectively. 16 appears, therefore, that 
the presence of oxalate markedly  sensitises the decomposition of 
iodine molecules, which become reactive in radiation of longer wave- 
lengths on the gddition of oxalate using copper аго. We have care» 
fully photographed the absorption spectra of N/1700 aqueous iodine 
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and N/2-potassium oxalate solutions separately and е mixture con- 
taining 10 c.c. N-Kg050, and 10 c.c. N/850 aqueous iodine and we 
find that the iodine solution alone shows almost complete absorption 


from 2700A, whilst with the oxalate solution complete absorption 
begins from 3000А. Inthe case of the mixture of the iodine and 


oxalate, almost complete absorption starts nearly from 38264. 
These results, showing that the absorption of light by в solution of 
an oxalate is dppreciably Increased by the addition of dilute iodine 
solution, are of great interest from the view pcint of the nature of 
chemical reactivity. 

In other words, the sensitisation of an oxala;e solution by iodine 
is associated with marked increase of light absorption in the 
ultraviolet. 

Many years ago Henri and Landau (Compt. rend., 1918, 158, 181) 
showed that the absorption of ultraviolet light in the region 8200- 


2700A ру в solution of oxalic acid is markedly increased by the 
addition of uranyl salts. Recently Ghosh and collaborators (J. Indian 
Chem. Soc., 1927, 4, 868; 1928, B, 191, 569) have carried on import- 
ant quantitative measurements of the extinction coefficients of 
uranyl salts, ferric salts, and mercuric salts with varying concen- 
trations of formic, acetic, propionic, oxalic, malonic, succinic, 
glycolic, lactic, tartaric, citric, and mandeliceagids in the region 
2800-8500 and have observed that the extinction coefficients of 
the mixtures of organic acids and the above salt solutions are always 
considerably greater than the sum of those of the organic acids and 
the salt solutions considered separately. ^ Moreover, it is well 
known that almost all organic acids are oxidised by uranyl, ferric 
and mercuric salts even in presence of visible light. | 

Allmand and Reeve (J. Chem. Soc., 1926, 2884) obtained the 
following quantum yields in the decompositions of oxalic and formic 
acid solutions used ss sensiliser: | 


Oxalic acid. Formic acid. 
‘ b 
Wave-length in А... 2650 8000 8650 2600 3000 3800 
Quantum yield — ... 00100 0-0041 000095 9-7 16 тегу small 


The quantum yield of the decomposition of these acids is generally 
greater in the presence of the sensitisers. . 
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It is not yet certain what the predissociation limita of acetic 
acid or the other organic acids are, but Henri has given the following 
values for some aldehydes. 


Molecule. Predissociation observed. Cal. 


Ноно 9870 А 107 
OH30HO 8050 i 95 
C,H,CHO- 2550 110 


Ghosh and collaborators (loc. cit.) have obtained the following 
results on light absorption with different organic acids. 


М/90:Аоіа—» Formic Acetic Ргоріопіо ^ Oxalio Malonic Вовонис 


Beginning of ° a * - Ф 
врвогрЫоп——У» 2445 А 2446 А 2445A 8274 А 2507A 2445A 
M]%D-Acid—-> Glycollic  Laotio Tartaric Mandelic Citric 
Beginning of о æ о 
зо с» 3722A БОТА 26004. 2800À  - shorter than 2722A 


It appears that these wave-lengths are predissociation limits of 
these organic acifis"in the gaseous states and they are decomposed 
in these radiations. It seems justifiable to apply the results 
obgained in the gaseous state to solutions because in many cases 
it has been observed that the absorption spectra of molecules in 
the gaseous state and in the dissolved condition are identical. Thus 
Urey, Dawsey and Rice (J. Amer. ‘Chem. Soo., 1929, 81, 1871) 
have measured the absorption coefficients of a: solution of hydrogen 


peroxide for wave-lengths from 8750-21504 and those of its vapour 
for wave-lengths 21560-27504. The two absorption curves between 


2150-2750A appear to be identical. Moreover, Allmand, Cunliffe 
and Maddison (J. Chem. Soc., 1927, 6056) have reported that 
the values of the extinction coefficient of chlorine in aqueous solution 
ate very close to those of gaseous chlorine. Also in recent years 
‘it is being realised more and more that the kinetics of the chemical 
reactions taking place in solution are fundamentally the same as 
those of the same substances in the gaseous condition. Thus the 
decomposition of chlorine monoxide snd the interaction of ozone 
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and chlorine occur at nearly the same vélocity in carbon tetrachloride 
воно as in the gaseous state. Similarly, the combinations of 
triethylamine and ethyl iodide and of acetic anhydride and ethyl 
aleohol take place at the same velocity in solution as in the gas 
phase (of. Hinshelwood, Ann. Rep. Chem. Soc., 1982, p. 49). 

The absorption measurements-of the solutions of organic acids 
carried on by Ghosh and co-workers show that oxalic acid has 
graater absorption in the peer ultraviolet and it is well known that 
oxalic acid decomposes more readily in the same region. 

Kailan (Manatsh., 1918, 34, 1209) has found that when 
0'5 to.2N solutions of acetic, oxalic, malonic, succinic, malic and 
tartaric acids are exposed to ultraviolet light from a quartz lamp, 
sight decomposition takes place. In recent communications Dhar 
and Atma Ram (J. Indian Ohem. Soc., 1088, 10, 287) and Dhar and 
Bhargava (Nature, 1988, 182, 80) have shown that aqueous solutions 
of organic acids decompose even in sunlight end the decomposition 
is accelerated in presence of oxygen. The decomposition velocity 
increases with the introduction of an alcoholic hydroxyl group in 
tke molecule. Ferric and uranyl salts and also mercuric chloride 
accelerate these decompositions. Moreover, the researches of Ghosh 
and his collaborators show that the additicn of uranium nitrate, 
ferrie chloride or mercuric chloride markedly increases the light 
absorption of these organic acids. Here Ярд we find that the 
weakening of the binding forces of ‘molecules is associated with 
-irereased light absorption, : 

In publications from these laboratories we have shown that the 
oxidation of several organic acids by chromic acid or potassium 
permanganate is markedly accelerated by manganese salts and that 
these reactions are increased in light. We have made careful 
measurements of absorption spectra of the mixtures of organic acids 
with chromic acid or potassium permanganate, with or without the 
addition of manganese sulphate and we have observed that in all cases 
addition of manganese sulphate markedly increases the light 
absorption. 

It has already been stated that the predissociation limit of benzal- 


dshyde is 26504. De Hemptinne (J. Phys. Radium, 1928, vi, 9, 
857) has shown that the photolysis of benzaldehyde by radiations 


- shorter than 2600А takes place as follows: 
| C,H,CHO=C,H,+H+CO 
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The hydrogen reacts with the phenyl group to form benzene. 
The energy necessary for this decomposition is calculated to be 


115780 cal corresponding to radiations of wave-length 24614. 
This is the wave-length at which the total absorption band of benzal- 
dehyde spectrum begins. Between 400-600? benzaldehyde decom- 
poses thermally. The decrease in the light energy necessary for 
decomposition at the higher temperatures is of the same order of 
magnitude as the increase in the vibratienal energy of the benzal- 
-dehyde molecule as calculated from the variation in the specific heat 
with temperature. On the other hand in presence of oxygen, benzal- 
dehyde undergoes oxidation even in the dark and rapidly in visible 
light. Backstrém (J, Amer. Chem. Boc., 1929, 81, 90) has shown that 
in the photo-oxidation of benzaldehyde in radiations of wave-lengths 


8660-25864 в very large quantum yield is obtained. Similarly 
Haber and Wansbrough-Jones (Z. physikal. Chem., 1932, B, 18, 103) 
have reported that а solution of sodium sulphite produces hydrogen 
in only short ultraviolet light. In presence of oxygen, however, the 
sodium sulphite undergoes chemical change in the dark and markedly 
in light with an abnormally high quantum yield. Moreover, the 
photo-decompositions of iodoform, chloroform, ethyl iodide, methyl 
iodide, bydroiodic acid, eto., are greatly accelerated in presence of 
oxygen. All these results show that increase in chemical reactivity 
is always associated with light absorption. 

From the foregoing discussion it will be evident that the contro- 
vemey regarding the minimum frequency of radiations capable of ins 
itiating the chlorine—hydrogen reaction loses much of its significance 
because in presence of hydrogen the Cl—C] linking is weakened and 


hence radiations of wave-lengths greater than 5000À, which are 
the limit of sensitised decomposition of chlorine moleeules, can 
initiate the chemical change. With numerous photochemical 
reactions involving molecules of chlorine, bromine or iodine we have 


observed that radiations of wave-lengths 7804, 8500 and 8700A are 
capable of initiating these reactions with halogens and reducing 
agents This happens because due to the presence of reducing agents, 
the binding forces of the halogen molecules are considerably weaken- 
ed and they are readily broken up either by increase of temperature 
or illumination and in many cases, increased light absorption has 
been observed with the mixtures. Hence the reactivity of a mixture 
is preceded by the formation of.an additive product with weakening 
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of she binding forces and increased light absorption, It has been 
postulated that in the photochemical reactions involving the halogens, 
the primary change is the atomisation of the helogen molecules but 
the foregoing discussion shows that the first stage is the formation of 
an additive compound, may be of an unstable nature having an 
inezeased light absorption and this leads to the weakening of the 
binding forces of the halogen molecules. 

Tn a recent communicatien Bhattacharyya and Dhar (Z. anorg. 
Chem., 1932, 209, 128) have shown that N/10 solutions of trichloro- . 
acetic acid decomposes at 45° or higher temperstures in radiations of 


wave-lengths 6285, 4700, 4000, 8840, 8586, 8691, 8125A. The reac- 
tion in the dark at 60° is exceedingly slow. The velocity of the 
reaction in ultraviolet light is much greater than in visible light. 
Frem measurements on light absorption of aqueous solutions of 
trichloroacetic acid it is seen that there is appreciable absorption in 
the visible spectrum but the absorption is greatly increased in the 


ultraviolet, where marked absorption begins from 8200À and com- 
plete absorption from 8100. The dissociation energies of the linkings 
C—C], C—Br, C—I are 78'2, 60, 42°8 cal respectively. It is not defi- 
nitely known whether C—Cl or C—O or O—H link is broken when 
tricholoracetic acid is illuminated but it is quite certain that ultraviolet 
rad?ation is necessary to break these links. As „the experimental 
results show that trichloroacetic acid ‘solutions are “decomposed even 
by visible light, it appears that in presence of water, the above links 
are weakened and the whole reaction appears to be кышны 
by she presence of water. ` 

Recently, Bowen and Tietz (J. Chem. Boc., 1980, 284) have 
observed that the photo-oxidstion of acetaldehyde, when dissolved in 
water by oxygen, is greater than in the gaseous state. Hence again 
the C=O or O--H link seems to be weakened by the presence of 
watar. Moreover, ib із -well known that peroxides, which -sre addi- 
tion products of the reacting aldehydes with oxygen are at first 
formed when aldehydes are brought in contact with oxygen. 

It was generally believed that several bimolecular thermal reac- 
tions taking place in solution possessed velocities smaller than those 


calculated according to the expression (number of collisions) x g TERT 


‘This expression can predict the correct order of magnitude of. 
numerous gaseous reactions depending on collisions. It has now 
been observed that there are several reactions m solution in which 
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the velocities are in agreement with the caloulated values.but there 
are other reactions in the dissolved state in which the observed velo- 
city is much greater then the calculated. опе (cf. Moel- 
wyn-Hughes, Phil; Mag., 1982, vii, 1%, 112). These are cases of 
sensitisation in presenee of water. It is well known that many 
chemical changes are accelerated by the presence of moisture. Dhar 
(2. anorg. Chem., 1926, 189, 108) has suggested that in many photo- 
chemical reactions з cluster containing an- ion and the reacting subs- 
_tances is formed in presence of moisture. Lewis (Nature, 1928, 

191, 792) has reported that clustering takes place in the photochemi- 
cal decomposition of nitrous oxide. Recently Forbes and collabora- 
tora (J. Amer. Ohem. Soc., 1988, 88, 588) have advanced the view that 
photochemically efficient айг are formed in the photo- oxidation 
of quinine by chromic acid in presence of sulphuric acid. 


Kistiakowsky (J. Amer. Chem. Soc., 1927, 49, 2194) has reported 
that intensive drying of chlorine gas does not effect its light absorp- 
tion. The experimental observations of Rodebush and Klingelhofer 
(Proc. Nat. Acad. Kci., 1082, 18, 581) and Allmand and Craggs 
(Nature, 1982, 180, 927) seem to show that drying causes no inhibi- 
tion of the chlorine—hydrogen reaction. 


In recent years the existence of free OH radical as an intermedi- 
ate product has been assumed by numerous workers in many chemical 
reactions and flanfés.° Moreover, it has been postulated that in the 
reaction of hydrogen atoms with oxygen molecules, the first stage 
coysists of an associative reaction between these stoms and oxygen 
molecules (cf. Bates and Lavin, J. Amer. Chem. Soc., 1988, BB, 81). 


H+ Os — HO, 


It is of interest to note that OH radical possesses many absorption 
lines in its spectrum in the region 8080 to 9267À whilst hydrogen and 
oxygen show no absorption in this region. Further work in this line 
is in progress in this laboratory. 


SUMMARY. 


1. From recent researches on photo-dissociation and predissocia- 
tion, it can be concluded that in general, an increase in the light 
absorption by a molecule is associated wita its increased chemical 
reactivity and weakening of the binding forces and conversely when 
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a molecule becomes more reactive, it is likely to absorb light more 
markedly. 

2. Increase of temperature enhances the amount of light absorp- 
tion and activity of the molecule and it decomposes on illumination 
by radiations of longer wave-lengths. 

8. The presence of hydrogen sensitises the dissociation of chlorine 
molecules and makes them reactive in radiations of longer wave- 
lengths. | 

4. The addition of an oxalate markedly sensitises the десогаров{- 
tion of molecules of iodine and they are activated in the dark and 
in radiations of longer wave-lengths. The absorption of light by a 
solution of an oxalate is appreciably increasel by the addition of 
dilute iodine solution. 

б. In presence of uranium nitrate, ferric chloride or mercuric 
chloride, the light absorption and photo-decomposition of organic 
acids are greatly increased. 

6. When manganese salts are added, the light absorption by 
mixtures of organic acids and chromic acid or potassium permanga- 
pate ıs increased and the oxidation of the organic acids by chromic 
acid or potassium permanganate is accelerated by the addition of 
manganese salts. 

7. In presence of reducing agents like hydrogen, carbon monoxide, 
ferrous salts, nitrite, hydroxylamine, hydrazine,, alcohols, acetone, 
organic acids and their salts, etc., the halogen molecules become 
reactive even in the dark and in radiations of wave-lengths longer 
than those necessary fer their sensitised or photochemical dissdbia- 
tion, because the binding forces of the halogen molecules are con- 
siderably weakened due to the reducing agents. 

8. The presence of water may sensitise the photo-decomposition 
of some substances by weakening the binding forces and increasing 
the light absorption. 

9. It appears that the first stage in a reaction between two or more 
molecules, is the formation of an additive prcduct with weakening of 
the linkages and increased light absorption. This is likely to happen 
in thermal as well as in photochemical reactions. 


OumgwicAn LABORATORY, 
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Condition of Silver Chromate, Silver Iodide 
and Lead Iodide in Gelatine. 


Bx B. M, Маж, Н. М. Dzsar AND. В. М. Desar. 


When one considers the various theories that have been put 
forward by different investigators to explain the formation of Liese- 
gang rings, it becomes quite clear that a knowledge about the con- 
dition—ionic, colloidal, etc., of the substances deposited in the 
bands will be of great help in understanding the process of periodic 
precipitation. | 

Williams and Mackenzie (J. Ohem. Soc., 1920, 117, 844), Bolam 
and Mackenzie (Trans. Faraday Boc., 1926, 22, 162; 1928, 24%, 50) 
‘and Bolam and Donaldson (ibid., 1988, 29, 804) have shown by e. m. 
f. and conductivity measurements that prior to the appearance of 
the red colour, the activity of the silver ion in the yellow mixture 
is very much higher than in a pure saturated solution of silver 
chromate at the same temperature, and thst when the red colour 
appears the activity of the silver ion simultdhe8usly decreases to в 
marked extent. Desai and Nabar (Trans. Faraday Soc., 1982, 28, 
449) have shown from electrometric measurements that the actiyity 
of silver ion in a mixture of silver nitrate and potassium 
chromate in gelatine remains constant for some minutes, then 
rapidly decreases and finally becomes constant, and that the 
point at which the activity commences to fall corresponds in 
every case with the first appearance of red colour. 
These experiments lead фо the conclusion that the yellow 
mixture contains silver chromate in supersaturated solution and that 
the red colour is due to the actual formation of the solid phase, and 
not to the coagulation of a solid phase which i3 already present in the 
form of colloidal particles. 

Dhar and collaborators (J. Phys. Ohem., 1924, 98, 41; Kolloid 
Z., 1924, 84, 270; J. Indian Chem. Soc., 1928, B, 175; Trans. 
Faraday Soc., 1927, 28, 28) have, on the other hand, shown from 
‘their electrometric and conductivity measurements that silver 
ehromate is produced in the form of а colloidal solution. Acgording 
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to them, the yellow mixture contains particles which are negatively 
charged through adsorption of chromate ions, while the red substence 
18 а less stable sol containing particles which are positively charged 
through adsorption of silver ions.. They have shown that в greater 
part of silver chromate in gelatine is present in colloidal condit-on, 
only about one-third being present in ionic condition. It is difficult 
to underatand why the results of various investigators on the condi- 
tion of silver chromate in gelatine are so conflicting. 

Chatterji and Dhar (J. Indiam Ohem. Xoo., 1980,'7, 177) have 
shown from e.m.f, and conductivity measurements that more than 
97% of silver iodide in gelatine exists in condition other than ionic; 
they believe that it is present in colloidal condition, 

Desai and Naik (Paper on '' Inhibitive power of Gelatine ” which 
will be published in the September issue of the Journal of the 
Bombay University, 1983) have shown that the inhibitive power with 
reference to Ар.ОтО, is minimum for gelatine of рн 5°75 and is 
greater for higher or lower values of рн. In the case of AgI the 
inhibitive power continuously decreases with a decrease of pu of 
gelatine. The inhibitive power with reference to PbI, is maximum 
for gelatine of рн 5'0 and is smaller for higher or lower values of 


Pu. 


Condition of Silver Chromate in Gelatine. 


If yellow solution contains silver chromate in supersaturated 
solution and not in colloidal condition, one would expect that the 
conductivity of the yellow mixture should remain the same as that 
calculated on the basis that all silver chromate exists in ionic condi- 
tion as long as the colour does not change and that it should gradual- 
ly decrease with the appearance of the red coloured precipitate. To 
test this point, a series of conductivity experiments were also under- 
taken. 

The gelatine used in these experiments was the same as used by 
Desai and Naik (loc. cit.) and the рн of gelatine solution was varied 
inthe same manner 8s done by them. The conductivity was 
measured by the usual method using an amplifying circuit similar to 
the one used by Lorenz and Klauer (Z. anorg. Оћот., 1924, 186, 121) 
(for details please see paper by Н. М. Desai, D. B. Naik and B. М. 
Desai on conductivity measurements in course of publicatior in 
Indian J. Phys,). The conductivity of the mixture ‘was determmed 
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from time to time. А typical resuls of conductivity experiments is 
given in Table T. In Table II is given a summary of all such ona 
obtained with silver chrom ate, 


. TABLE Í. 


Total volume af mixture with donductivity water =20 c.o. Conc. of gelatine soln. 
=8%, -рн оѓ gelatine soln. 5:62. A. Conductivity of 5°E c.c. gelatine + water = 1'856 
x 1074, B. Conductivity of 55 с.о gelatine + 5 c.c. Nf100-AgNOs + water =4*547 x 1074. 
C. Conductivity of 5'5 c.c. gelatine-k6 сс. — N/100-K-OrO, + water = 4'579 x 1074. 
D. Conductivity of 5'5 с.с. gelatine+& c.c.  N/100-KNOg + water 4:096 x 10-4 
Temp. =80°. 


Colour of Time. Obs. conductivity Obs,-conductivity 0810. con- of 


mixture. (mhos) of mixture (mhos) of AgsCr0, о AgsOrQ, 
5°6 c.c. gelatine + alone. H—D. (mhos) in ionic 
5 с.с. N/100- whole of condi- 
NOs + 5 c.c. fem AggOrO, in tion. 
N [100-K4CrO, + ionic con- 
water. Е. es . dition. 
зт В + 0—D-—A. 
Yellow 1 mine ` 6:849 x 1074 1'016x101 9.845 х10 61 
ü 6 8'842 1°916 67 
Е 10 . 6798 . 1:878 ew 66 
15 6:849 17916 61 
к 20 6-891 1'895 ` 0g 
, = 25 8'798 - 1°872 66 
» 80 6:891 1'895 67 
ji 85 6'842- 1:916 67 
к 40 6849 1:916 61 
- 46 67798 1'872 66 
" 50 8'821 . 1895 87 
в 55 ` 6:849 1:916 67 
Firet appear- 59 6'842 1'916 67 
ance of red. ' ' { 
colour, MM 

Bed 65 6798 1:872 66 
» 70 6:849 1:916 67 


R 7°. BOR 1:895 
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ТАВЫН П. 
Temp. =80°. Total volume = 20 o.c. 


pH of Vol. of N/100-AgNOs Obs. conductivity Oalo. conductivity 96 of 
gelatine. gelatine. and N/100- (mhos)of AgsCrO, (mhos) if whole — Ag30-0, 
. K30rO,. alone in * 4 of AggOrQ, in ionic 


mixture. їп 20016 condition. 
condition. i 
B-D. - B+C-D—A. 
558 ббес бес 105х104 985х104 67 
552 828 4 1-289 1:978 62 
552 >` 60 5 1960 2968 68 
550 ° -60 6 1198 2*578 44 
558 ^ TO 8 1180 _ OF c 44 
4-50 1°26 6 1'889 3:686 51 
4-50 1-8 5 1-670 2'561 65 
6°00 73 6 ^ 100 ` 9860 48 


— 


{ 


It will appear from Table I that when equivalent amounts of 
AgNO, and KCrO, are added to the same amouni of gelatine, she 
conductivity is slightly less in the former case than in the latter. 
This is probably due to the fact that more of Ag ions than CrO, ions 
combine with gelatine (cf. Bolam and Mackenzie, loc. cit.). It will 
also: be geen that the conductivity is reduced more in the presence 
of KCrO, than in the presence of an equivalent mount of КМО.. 
This will mean that there is greater combination between gelatine 
and CrO, ions than between gelatine and NO; ions. An exactly 
similar behaviour is noticed in all the cases whether рн of gelatine 
ів made smaller or larger than 6°52. 

The other and most significant fast noticeable from Table Z ів 
that no sooner the solutions are mixed, the conductivity is immedi- 
ately reduced and thereafter its value does not change even when 
the red coloured presipitate makes ita appearance. Also there is 
no gradual decrease in the conductivity with the appearances ‘of 
more and more red coloured, pracipitate. "Whatever changes are 
‘to take place in the conductivity occur immediately on mixing she 
solutions. The same behaviour ів noticed when the рь of gelatine 
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solution is made smaller or larger than 5°52 or when the amount 
of gelatine is varied keeping the amount of the reactants the same. 
These results therefore show that (i) the yellow coloured mixture 
contains some insoluble precipitate of silver chromate and (ii) that 
the change from the yellow coloured mixture to the red coloured one 
is not due to release of supersaturation. From the cataphoretic 
experiments, itis seen that neither the yellow nor red coloured mix- 
ture contains any charged particles. It thus appears that the change 
from the yellow coloured to red coloured mixture is not due to a 
change in the charge on the particles of the insoluble precipitate 
formed in the beginning, but simply due to a change inthe size of 
the particles. One can actually see that tha particles are invisible 
in the yellow mixture, while they are sufficiently large to be visible 
in red coloured mixture. It was also observed that when the reaction 
is allowed to take place in test tubes and specially when the mixture 
sets to a gel, the precipitate is first localised at certain points 
and the mixture ultimately becomes turbid rad. A change in the 
colour due to a change in the size of particles is a very common 
phenomenon, for example gold sol containing fine particles is ruby 
red while the one containing larger particles is blue ; one can quote 
many such instances. It appears that the yellow mixture contains 
some insoluble precipitate of silver chromate whose particles are in 
a highly dispersed form, probably even in mo]eeglar condition. If 
the precipitation is molecularly dispersed, it is quite likely that this 
portion will diffuse at an appreciable rate. This process of diffusion 
may give rise to union of groups of molecules which may férm 
centres of crystallisation. More of the molecularly dispersed mate- 
гів] will, as aresult of diffusion, allow the nuclei already formed to 
grow and thus larger particles, which may be quite visible will, appear. 
Growth of larger particles at the expense af smaller particles is 
thus not at all impossible or precluded. The transition from the 
yellow to red colour will thus be gradual, but in actual practice is 
noticed only when red coloured fine particles appear. 


It will also be seen from Table I that in this particular case 
about 67% of silver chromate remains in ionic condition and the re- 
maining 83% in & finely dispersed condition in the yellow mixture. 
As stated before, the colour change from yellow to red does not seem 
to be due to a sudden release of supersaturation or due to a change in 
the nature of charge on the colloidal particles. 


7 
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In all the cases given in Table II, it was also noticed that what- 
ever changes in the conductivity are to take place, oceur immediately 
on mixing the solutions and that the change from the yellow to the 
red colour is not accompanied by any changes in conductivity. These 
results, therefore, apparently support the observations of Ohaiterj 
(Proc. Indian Science Congress, 1932, р. 10) that the e. m. f. соев 
not decrease with time with either yellow or red mixtures. Is is 
surprising that the present results do not gupport 2ither our prev-ous 
results (Desai and Nabar, loc. cit.) or those of Bolam and co-workers 
(Loc. cit.). It is, however, а fact that both types of results are based on 
accurate experiments. Therefore some more work is necessarz to 
find out the conditions favourable for the occurrence of the different 
behaviours noticed so far. 


It will also appear from Table II that by varying the py and the 
concentration of gelatine and of the reactants, the amount of silver 
chromate which can remain in ionic condition can also be varied; in 
the present case it has varied from 48 to 67%. In view of 
this, it is not impossible that under certain circumstances the amount 
of silver chromate which can remain in ionic condition can be as much 
as 95% (Nabar and Desai; Nature, 1081, 127, 628). -bis 
quite likely that the same causes which are operative in this 2886 
might also be responsible for the conflicting results discussed ir. the 
previous paragraph. We are of the opinion that if the рь of geletine 
and the concentration of gelatine and of the reactants are such that 
onemixing the solutions more than 95% of silver chromate can remain 
in ionic condition, on allowing the mixture to взапа the e. m. f. or 
conductivity may nob change at all till the colour remains yellow (as 
observed by Bolam and co-workers, loo. cit., and by Desai and Nakar, 
Тос. cit.) and that with the appearance of red colour, the e. m. f. and 
conductivity may change gradually ; in such a case the colour change 


will be due to release of supersaturation, This рсіпф is being investi- 
gated. 


Condition of Silver Iodide in Gelatine. 


A typical result of conductivity measurements of silver iod:de ig 
given in Table ILI and s summary of all such results in Table IV 


Temp. = 80°. 
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ТАВЫ III. 


Total volume with conductivity water=:20 c.o. Conc. of gelatine 


soln, 0884 =8%. pu of gelatine soln. =5"58. A. Conductivity of 12 о.о. gelatine + water 


= @'748 x 10-4 mhos. 
1981 x 1073 mhos. 
= 2°201 x 10-3 mhos. 


= 2°245 x 10-3 mhos. 


Time. 


B. Conductivity of 19 c.c. gelatina +8 c.o. N/10-AgNOs + water 
О. Conduetivity of 12 с.о. gelatine--8 c.o. —N/10-KI- water 
D. Conductivity of 12 c.c. gelatine +8 c.c. М] 10-K МО, + water 


Obs. conductivity Obs. conductivity Oalc. conductivity % of 


Colour 
of А (mhos) ef*mix-  (mhos)of AgI (mbhos)if whole АрТіп 
mixtures ture 13 o.c. gela- alone. of ÀgI in ionic 
tine-- 8 c.c. N/10- ionic condi- condi- 
АрМО +8 o.c. tion. tion. 
/10-KI + . 
water. И 
К. H-D. B+C—D—A, 
Greenish 1 min. 2*959 x 1073 0014 x 10-3 1:609 x 1073 N 
b 9969 -- — 0°014 
10 ' - 9952 0:007 : 
1% 2:259 07:014 
20 2°259 0:014 
Gradual 25 9246 ses 
change 80 2-269 0*007 
85 2°259 0°014 
40 2'950 . (014 
46 8459 0°007 
Appearance of 50. 37059 ^ - 0*007 $5 
whitish yellow 55 2:253 . Q014 
eolour , А ‚ 
r r | е 
ТАвьЕ IV. 
Temp. =30°. . Total volume = 20 c.c. 
pa of Уо. ой  N/100. Obs. conductivity alo. conductivity 9 of AgI 
gelatine. gelatine. ate Ogand (mhos) of AgI (mhos) И whole in ionic 
/ 10-КТ. alone in of ÁgI in condi- 
mixture. jonic condi- tion. 
E-D. tion. 
B+0—D—A, 
B62 2600. loo. 0*010 x 10-3 0*469 x 1073 9 
5'52 52 3 0°017 1°080 а 
5°52 81 8 0°081 17706 1 
Б 180 8 0°014 1:669 iil 
4°50 10°0 8 | 0°018 1°681 1 
450 — 190 8 0028 1774, nil 
6°00 T2 8 0'012 0'947 1 
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It wil appear from Table III that ths conductivity of ві тег 
nitrate in gelatine is somewhat smaller than that of an equiva:ent 
amount of potassium iodide in gelatine. This again indicates ss in 
the previous case that Ag ions combine more readily with gelazine 
than CrO, ions. Also the conductivity is smaller with potass:um 
iodide in gelatine than with an equivalent amount of potass.um 
nitrate in gelatine, Неге there is evidence to show that iodide 'cns 
combine more readily with gelatine than nitrate ions. A similar 
tendency is noticeable in all the experiments whose results sre 
summarised in Table ТУ. 

The colour of the mixture becomes greenish on mixing the solu- 
tions of AgNO, in gelatine and KI in gelatine. The mixture, however, 
does not contain any visible particles. On allowing the mix;ure 
to stand, the colour gradually changes and with it the mixstre 
also begins to develop turbidity. With the progress of time, the 
turbidity continuously increases, Ib will, however, appear from the 
table that the conductivity changes immediately on mixing the eslu- 
tions and that it does not change at all thereafter although the co.cur 
of the mxture continuously changes and the particles of si.ver 
iodide bec me visible and gradually increase in size. These results 
therefore show that colour changes are not due to any releass of 
supersaturation. 

It will be segn,from Tables ПІ and IV that about 98% of 
silver iodide exists in condition other than ionie. Our results there- 
fore support the results of Chatterji and Dhar (loo. cit.) in this 
repect. They, however, believe that silver iodide in gelatine exists 
in colloidal condition. To test this point, a series of cataphorstic 
experiments were undertaken. In no case the presence of charged 
particles could be detected. We are therefore inclined to the тізу 
that silver iodide in gelatine exists in the beginning in a very highly 
dispersed form probably in molecular condition. As pointed out 
before, this portion in molecularly dispersed form will, as a result 
of diffusion, give rise to large particles and the colour changes are due 
to changes in the size of the particles. As is well known there is 
always & tendency for larger particles to grow further at the expense 
of relatively smaller particles. 

A change in the p, or in the concentrations of gelatine and the 
reactants does not very appreciably alter the amount of silver icdide 
in ionic condition. In this respect silver iodide in gelatine is qrite 
distinct from silver chromate in gelatine. In so far as can be 
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judged from the present results, the fact that the inhibitive power of 
gelatine decreases with a decrease of its рь, does not seem to be ої 
any significance in explaining the results about condition of silver 
iodide in gelatine. 


Condition of Lead Iodide in Gecatine. 


A typical result of changes in the conductivity with time 
in the case of lead iodjde in gelatine is given in Table V. A 
summary of all such experiments is also given in Table VI. 


TABLE V, 


Temp. 80°. Total volume with conductivity wate--20 e.c. Cone. of gelatine 
soln.=8%. рп of gelatine=5°52, A. Conductivity of 0 с.с. gelatine + water = 2'096 
х 10-4 mhos. B. Con ductivity of 9 c.c. gelatine +2 c.c. N/10-Pb (МО) + water 1'022 
х 10-3 mhos. О. Conductivity of 9 o.c. gelatine +9 с.с. №/10-КТ+ water=1°479 x 10-3 
mhos. D. Conductivity of 9o.c. gelatine-2 с.с. №/10-КМО; + water=1°688 x 1073 
mhos. | 





lour of Time Observed conducti. Observed con- Osloulated con- $ of 
ure. (hrs. min.) vity (mhos) of mx- ductivity ductivity (mhos) Pbljin 
боге 9 сс gelatine (mhos)of if whole of Pbi} ionic 


+9 с.о. N/I0-Pb  PbI; alone. in ionic con- condi- 
(NO + 2 c.c. dition. tion. 
N/10-KI + 
warer. 
E. E~D. B+0-D—A. 

ourless 0:01 hr. 2187x1073 0°504 x 1959 „ 0'608 x 107? 88 
0:80 2°179 0*496 82 

0°45 2'187 0 504 
1°00 3°179 0°496 ВА 

116 2/184 0:501 
1°80 2°178 0:490 81 
1°45 2°187 0504 88 
Gradual 200 9179 0:496 82 
change 2°80 2°187 0-504 83 
8°00 9.179 0:406 89 
8°30 2*184 0:501 82 
4'00 3'173 0:480 81 

4'80 2:187 0°504 88 . 

Apparance of 4°50 2°179 0'496 89 
greenish colour 6°00 2°179 0 496 89 
Gradual 5°45 2'187 0'504 83 
change 680 2:179 0'496 82 
Appearance of 8:80 27184 0 501 82 


yellow colour 
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TABLE VI. 
Temp. —80?. Total volume = 20 o.c. 


ри of  volof N/10-Pb(NO94 Observed conducti- Oalculated conduoti- 96 о РЫ; 


gela- gela- and №/10- vity (mhos) of  vity (mhos) if whole ір joris. 
tine. tine. KI РЬ; alone in of PbI4 in ionio cordi- 
rhixture. condition. tion. 


B—D ©, В+0-2-А 


632 «Bbc. 20cc. 0°586 x 1073 0761 x 10-3 16 
Ба 196 9-6 0680 0980 65 
552 90 0 0*501 0:608 88 
450 182 8:5 0:554 0:919 E: 
450 100 20 0-511 0-616 8t 


А well marked tendency for the combination of lead ions with 
gelatine is noticeable from the results given in Table V, fcr it 
is observed that the conductivity with lead nitrate is less than t 
with an eguivalent amount of potassium iodide. These r 
also support the conclusion arrived at in the case of silver 
in gelatine, namely that iodide ions combine more readily 
gelatine than nitrate ions. 


When lead nitrate in gelatine is mixed with potassium io3:de 
in gelatine, the mixture is colourless. Оп allowing the mixtura 
to stand, however, a colour develops which gradually changes from 
grednish to yellow. Simultaneously with these colour changes 
the mixture which is quite clearin the beginning develops turbi- 
dity and gradually the size of the particles also increases. How- 
ever as inthe case of silver chromate and silver iodide in gelatire, 
the colour changes аге not due to any release of supersaturaticn, 
for whatever changes are to take place inthe conductivity of the 
mixture occur immediately on mixing the solutions of lead nitrate 
and potassium iodide in gelatine. The conductivity also does not 
change st oll with time. The cataphoretic experiments showed 
that at no stage the particles of lead iodide in gelatine are chargad 
and it therefore appears to us that the insoluble portion of lead 
iodide in gelatine exists in a very highly dispersed condition as 
in the case of insoluble portion of silver chromate and of silver 
iodide in gelatine. In this case also the colour changes mighi 
be due to changes in the size of the particles. 






| 
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It will appear from Table V that in this particular case about 
40% of lead iodide éxists in a finely dispersed condition and 
the remaining 60% in ionic condition. It is also noticed from 
Table VI that the amount of lead iodide which can remain in 
ionic condition in gelatine varies from (65% to 88%) with its py as 
well as with a change in the concentration of gelatine and of 
the reactants. Lead iodide thus behaves exastly as silver chromate 
in these respects. Tha present results however. do not show 
if the fact that the inhibitive power of gelatine with reference to 


ті {iodide 1 is maximum for pz value 5°00 hes any significance in 


y 


optpo» ining the results about condition of lead iodide in gelatine. 
aqtne3olam (Trans, Faraday Soc., 1928, 24, 483; 1980, 26, 188) has 
gine to the conclusion on the basis of conductivity and e. m. f. 
‘measurements that lead iodide is maintained ina highly super- 
saturated solution in agar gel. Ohatterji and Dhar (loc. cit.) 
have discussed these results’ of Bolam and shown that the pencen- 
tage of lead iodide in the ionic state decreases (from 99'8 to 52) 
as the concentration of lead iodide increases. We are of the 
opinion: that this case is similar to the osse of silver chromate 
and lead iodide in gelatine and the influence discussed under silver 
chromate (last para, under condition of Ара OrO,) might also be 
responsible for these conflicting results. It thus seems necessary 
to investigate further these cases in 8 gfeater detail in order 
“to get a correct idea about the condition of these substances in 
gel. | А 

It wil not be out of place to discuss here the meaning of the 
term '' inhibition " as used by various investigators. 

We (Desai and Naik, loc. cit.) have observed that gelatine of p, 
5°76 has the smallest inhibitive power with reference to AggCrO,. 
According to Bolam and Donaldson (ос. сй.), the degree of 
supersaturation and therefore the inhibitive action of gelatine, 
probably, has an optimum value at рь 5*0. 

This conclusion of theirs is, however, difficult to reconcile with 
‘the inferences that can be drawn from Fig. 1 of their paper (cf. 
Bolam and Mackenzie, loc. cit.) as wellas with our results namely 
that gelatine of рь 5°75 has the smallest inhibitive power. If 
inhibition gives rise to supersaturation, one would have expected 
least supersaturation for gelatine of рь 5°75 and greater for gelatine 


-solutions of higher or lower pythan 6°76. The results of Bolam 


and Donaldson however do not support this view. It thus appears 
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that the inhibition experiments (inhibition in the sense of powar 
to prevent precipitation) cannot always be utilised to give an idea 
of the degree of supersaturation although they may do so in scme 
cases and under certain circumstances. А highly supersaturated 
solution can only be produced if by some means the formation or 
the growth of crystallisation centres із prevented. If inhibition gives 
rise to a colloidal solution (Dhar and co-workers, loc. сй.), one wculd 
expect that the stability of the yellow sol eoptaining negatively char- 
ged particles of AggCrO, should regularly decrease with an increase 
oP hoidity of gelatine and therefore more and more of gelatine shculd 
be required for inhibition with a decrease of рь; our results however 
do not completely support the view for the inhibitive power of 
gelatine of р, 5°76 to be minimum. Gelatine as an agent pre- 
venting precipitation of sparingly soluble substances generally 
(вз in the case of Ag gCrO,, Ав] and РЬ), can possibly funstion 
as producing either supersaturation or a colloidal solution by 
preventing aggregation of small particles to larger masses ог 
particles in в very highly dispersed form or two of these three forms 
or even all the three forms simultaneously Hedges (“Liesegang 
rings and other periodic structures '' 1082, p. 62) has pointed out '* it 
Seems, on the whole, that sparingly soluble substances readily form 
relatively stable, highly supersaturated solutions in gels.......... The 
formation of colloidalesolutions is not ruled out, however, for such a 
system would probably be produced by в sudden release of super- 
saturation through some cause or other, just as relatively large 
crystals would be formed asa result of very slow release of super- 
saturation’. То this one may also add-a third possibilty namely 
that gels may help in producing the sparingly soluble substareas 
in а very highly dispersed form probably in molecular condition and 
that the union of these very fine particles by diffusion may ultimately 
give rise to larger visible particles. It thus appears necessary to 
investigate this problem further in order to understand clearly the 
difference in the róle of gelatine in producing supersaturation and 
in preventmg the precipitation of sparingly soluble substances and 
giving rise to colloidal solutions or in producing particles in a very 
highly dispersed form In view of the conflicting results about the 
condition of ,silver chromate in gelatine, it is necessary to us2 the 
term ''inhibition " in all cases of prevention of precipitatior of 
sparingly soluble substances whether due io production of either 
supersaturation or a colloidal solution or' particles having a very Ligh 
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degree of dispersion or any two of the гез or even all the three 
forms simultaneously instead of using that term to indicate only 
supersaturation as done by Bolam and Mackenzie (loc. cit.), Bolam 
and Desai (Trans. Faraday Soc., 1928, 24, 50), Bolam and Donaldson 
(loo, cit.) and Desai and Nabar (loo. cit., cf. also J. Indian Chem. 
Soc., 1982, 9, 141; J. University of Bombay, 1882, 1, Part IT, 28). 


SUMMARY. 


1. Experiments haye been carried oub $о determine the condition 
of silver chromate, silver iodide and lead iodide in gelatine. Ф 

2. The conductivity results show that whatever changes in the 
conductivity are to take place occur immediately on mixing the 
solutions and that there is no gradual decrease of conductivity with 
changes in colour of the mixtures. The cataphoretic experiments do 
not show the presence of any charged colloidal particles in any of 
the cases. These results suggest that immediately the solutions 
are mixed some insoluble precipitate is prodused, the particles of 
which sre іп а very highly dispersed condition—probably in mole- 
cular condition—and that changes in the colour of the mixtures are . 
due to growth of these very fine particles into larger ones, A sugges- 
tion is made as to the likely causes of the conflicting results about 
the condition of silver chromate in gelatine. 

8. The amount of silver chromate and lead eiodide in ionic and 
highly dispersed condition varies to a large extent, depending on 
the pa of gelatine and the concentration of gelatine and of the 
reactants, silver iodide does not show such a behaviour. ° 

4. There is evidence to show that the tendency for the combination 
of various ions with gelatine is in the order | Ag>Or0,>NO, 

Ag> I >NO; 
Ph I NO, 

5. Itis pointed out that the term '' inhibition '' should be used to 
indicate power to prevent precipitation generally whether it may be 
due to production of supersaturated solution or of colloidal solution 
or of particles in a very highly dispersed condition. | 
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Influence of Acidity of Gelatine on the Liesegang Rings 
of Silver Chromate and Silver Iodide. 


Ву B. М. Desar AND B. M. Мак. 


Desai and Nabar (У. Indian Chem. Soc, 1989, 9, 141) have 
studied the changes in the nature of rings of silver chromate in 
gelatine when the acidity of the latter is increased. They have 
observed that an increase in the acidity of gelatine is accompanied 
by а decrease (1) in the time after which the first ring appears, (И) 
in the distance between the same successive rings, and (iii) in the 
number of rings that can be obtained. While discussing their results 
they have suggested that there might be definite limits to the py value 
of gelatine within which good rings of silver chromate can be 
obtained. The present work was undertaken with a view to test 
this suggestion by obtaining rings of silver ehremate in gelatine 
whose p,is varied over а wide range and also to see И: the variation 
of рь has any influence on tha nature of rings of silver iodide in 
gelatine. The sample of gelatine used in these experiments was the 
same as used by Desai and Naik (Paper on ''Inhibitive power of 
gelatine ’’ which will be published in the September issue of the 
Journal of the Bombay University, 1988) and the prof gelatine 
solution was varied in the same manner as done by them. 


Rings of Silver Chromate in Gelatine. 


15 C.c. ofa normal solution of silver nitrate were allowed to 
diffuse into 20 o. о. of в 20% gelatine gel impregnated with 
0 9 с.с. of а normal solution of potassium chromate. The test 
tubes used in these experiments were all of the same diameter. 
The experiments were carried out in в room whose temperature 
(80°) did not appreciably fluctuate during the day. The distances 
between successive rings were measured by means of a cathetometer. 
The results are summarised below. 
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(1) Maximum number of rings are obtained with samples of 
gelatine having pz 5:26 and 6°00 and their number decreases in gels 
of higher or lower pz than this range. 

(2) The *distances between successive dni increase with all 
samples of gelatine. The distances between the same successive 
rings are greatest for gelatine of рн 6°75 and smaller for samples of 
gelatine of p, higher or lower than 5°75. 

(8) Rings appear early in acidified gelatine while their appearance 
is delayed in samples whose acidity has been. decreased. In con- 
formity with this, the distance of the first ring from the top increasas 
with an inrease of pr. 

The following observations were also made during this work. 

(4) There is a tendenoy to get spiral shaped or broken rings in 
samples of acidified gelatine and larger and. larger crystals are 
obtained with an increase of acidity. In samples of gelatine whose 
pris high, no rings are obtained and the precipitate is found to эө 
more or less uniformly distributed. 

(5) The size of the particles in the rings generally increases from 
the first to the last ring. 
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In Fig.1 is given a photograph of rings of silver chromate in . 
samples of gelatine of different рь. This photograph was taken 
with transmitted light. It corroborates what has been statad 
above. In test tube No. 1, one- can easily see the presence 
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of big arystals. The following additional conclusions can be drawn 
from the photograph. 


(6) With an increase in the acidity of gelatine the thickness of 
the rings decreases. 


(7 In any particular sample of gelatine, the thickness of the 
rings increases from the first ring to the last ring, but its compact- 
ness decreases at the same time. 


These results support largely the observations of Desai and Nabar 
(loc. cit.). The slight differences in the results are due to changes in 
the concentration of gelatine and the reactants used in their experi- 
ments and in the present investigation. The influence of fhese 
factors is being further studied in greater detail. 


The present results, however, completely support the suggestion 
of Desai and Nabar (loc. cit.) that there migkt be a definite range of 
Pa Of gelatine within which good rings of silver chromate can be 
obtained. 


It has been shown by us (Naik, Desai and Desai, J. Indian 
Ohem. Koo., 1984, 11, 45) that the resulis about condition of 
silver chromate in gelatine in the yellow mixture are rather 
conflicting. It might exist either in supersaturated condition, 
colloidal condition or in a. highly dispersed condition—particles 
being even of molecular size (cf. Naik, Desat and Desai, loc. 
cit.), in any two of the three or even simultaneously in all the three 
conditions. 16 is therefore considered advisable not to explain these 
results of ring experiments until we are able to find out the causes 
of the conflicting nature of the results of different investigators as 
well as our own different sets of experiments about the condition of 
silver chromate. in the yellow mixture. It should, however, be 
stated that these experiments clearly show that samples of gelatine 
which are slightly acidic give good rings of silver chromate while 
' those which may. be relatively more alkaline may not give any rings 
at all. Also there is a definite range of рь of gelatine in which good 
rings of silver chromate can be obtained ; the fact that gelatine with 
Pu 5°76 (Desai and Naik, loc. cit.) shows a minimum inhibitive power 
seems to have a bearing on the distances between the same successive 
rings (cf. section 2 above). Bolam and Donaldson (Trans. 
Faraday Boc., 1988, 29, 864) have pointed out that the degree of 
supersaturatian of silver chromate in gelatine increases slightly as 
the px decreases from 5°7 to 5'0, and then falls off more rapidly as 
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the py is further decreased. They have concluded that the deg-ec 
of supersaturation probably has an optimum value at р, £°0 
This fact seems to have some bearing on tha nature of rings of silver 
chromate in gelatine, for as shown above best rings are objained ir 
samples of gelatine of pu range, 6'0 to 5°25. 


Rings of Silver Iodide in Gelatine. 


13 C.o. of a 20% silver nitrate solution were allowed to diffuse 
into 20 c.c. of a 20% gelatine gel impregnated with 1 o.c. of a 
normal solution of potassium iodide. The test tubes were kept in a 
dark box during the period of formation of rings in order to prevent 
the effect of light as far as possible. The results of these experi- 
ments are summarised below. 

(1) All samples of gelatine are equally effective in giving rings 
of silver iodide. Thirty three rings were obtained in each case. 

(2) In all the cases the distances between successive rings first 
decrease regularly and then increase. The closesi rings are thcse 
which occur between the eighteenth and the twentythird ring. 


(8) The distances between the same successive rings десгевве 
more or less regularl? with an increase of the рн of gelatine. 


(4) The first ring appears after about 23 hours in all thé cases. 


Ете observation (8) it would appear that for velues of рь mueh 
higher than 6'0, only a continucus band of precipitate might 
be obtained instead of a number of rings. This is rather interesting 
in view of the fact as shown by Desai and Naik (loc. cit.) that the 
inhibitive power of gelatine with reference to Agl continuous_y 
increases with an increase in the pa of gelatine. It is, however, 
necessary to carry out more experiments before this fact can be 
utilised to explain the nature of ringe of silver iodide in gelatine. 


Silver iodide being relatively very much sensitive to light when 
compared with silver chromate, it was not found possible to get a 
good photograph of rings either with transmitted or reflected light. 
We would however like to record the following visual observations 
here. | 

(1) The thickness of the rings is generally much greater than 
the distance of the clear interspace between the rings. 
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(2) The thickness of the rings almost regularly decreases from 
the first ring upto the eighteenth to twentythird ring after which it 
again begins to increase regularly. 

(8) All the rings have got almost the same compactness. 

(4) The size of the particles in almost all the rings remains 
almost the same. И 

(5) The clear interspace between the first and the eighteenth to 
twentythird ring became somewhat darkish or exposure to light, 
while that between the eighteenth to twentythird and the thirtythird 
ring became deep brown. 


According to the various theories that hava been put forward to 
explain the Liesegang phenomena, there should be a gradual increase 
in the spacing between the successive rings. The fact that the 
distance between the successive rings of AgI in gelatine decreases 
up to about the twentieth ring cannot therefore be explained on the 
basis of any of the existing theories. The other noteworthy instan- 
ces of this type, t.e., where the distance between the successive rings 
decreases, are those reported by Davis (J. Amer. Chem. Soc., 1917, 
89, 1312) about bands of mercury obtained by allowing mercurous 
nitrate to diffuse in agar gel impregnated with sodium formate, by 
Hedges and Henley (J. Chem. Soc., 1928, 2714) about bands of 
arsenious sulphide obtained by allowing solutiors of ferric chloride or 
aluminium sulphate to diffuse into agar gel containing sols of arsenious 
sulphide, and by Mukherjee and Chatterji (Kolloid Z., 1980, 80, 147) 
about bands of zine and nickel ferricyanide and cobalt ferrocyanide. 
The rings of AgI in gelatine obtained by us are, however, peculiar 
in this respect that although the distance between successive rings 
first decreases, it increases in case of the later rings (twentieth to 
twentythird ring). More detailed work is пезеввагу before these 
anomalies can be explained. 

It has been shown by us (Naik, Desai and Desai, 106. cit,) that 
about, 90% of AgI in gelatine exists in the mixture in condition other 
than ionic or colloidal. The particles of silver iodide which form 
on the meeting of AgNO, and КІ are first probably in molecular 
condition and they grow further due to diffusion . The particles 
being in a very highly dispersed form, might absorb to a certain ex- 
tent the substances that may be present in the neighbourhood. 
However in view of the fact that the space between the rings 
becomes coloured when exposed to light, it appears that the adsorp- 
tion may not be very marked. 
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SUMMARY. 


1. Liesegang rings of silver chromate and silver iodide have 
been obtained in samples of gelatine of different ри. 

2. In the case of silver chromate rings, the results in general 
support the preliminary results of Desai and Nabar. The sugges- 
tion of these authors that there might be a definite range of pu of 
gelatine within which good rings of silver ehromate cgn be obtained 
is also supported by the present results. 

8. All samples of gelatine appear to be equally effective in 
giving rings of silver iodide. The distance between successive rings 
first decreases and then increases. Also the distances between tne 
same successive rings decrease more or less regularly with an 
increase of the pu of gelatine. ` 
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The Photochemical Reduction of Methyl Red by 
Phenylhydrazine using Chlorophyll 
Solution as Photosensitiser. 


By J. О. Guosu AND В. B. SuN-GUPTA. 


BSHi (Helv. Ohim. Acta, 1929 12, 121) found that a large 
number of azo- dyes are reduced by exposure to light in pre- 
sence of chlorophyll in methyl alcohol solution. The chlorophyll 
itself is destroyed but this can be prevented by adding one of the 
following anodic depolerisers: oil of turpentine, piperidine and 
phenylhydrazine. Addition of the last named compound was found 
to produce the most rapid photolysis. BöHi did not make any quan- 
titative study and his experimental investigations were based on the 
theoretical views advanced by Baur (Z. EHlactrochem., 1928, 84, 
595). — | 

Thus, when the dyestuffs are decolourised by exposure to light and 
in’ presence of chlorophyll, the mechanism is as follows :— 


Фф Chlorophyll > Oxidation products 


Chlorophyll { 
C Dyestuffs -> Leuco producta 


and in presence of anodic depolariser, such as phenylhydrazine, the 
reaction takes place in the following way: 


Фф Phenylhydrazine -> Oxidation products 
Chlorophyll 


© Dyestuffs + Leuco products 

In this paper, the reduction of the azo-dye, methyl red has been 
studied in the monochromatic radiations 4858A and 54604, 

The paper is divided in four sections. The first section (Sec. А) 
deals with the reduction of the dyestuif in methyl alcohol solution at 
4858 A. In Beo. B, the same reaction was studied in benzene so- 
lution at 4858 A. The reaction at 5460 А both in aleohol and benzene 


9 
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solution, is given in Вес. C. Та Вес. D, the reduction of dyestuff by 
phenylhydrazine hydrochloride is given. 


EXPERIMENTAL. 


The amount of methyl red reduced was determined by König 
Marten spectrophotometer. In green region, the methyl red solu- 
tion obeys Beer's Law. A small rectangular glass cell containing 
known strength of methyl! red solutions ‘im methyl alcohol was placed 
in spectrometer table and the angles in the dise which gave fields of 
. equal illumination were found out forfour or five dilutions. Ey 
plotting values of log tan#,—log tan, against the concentration, a 
straight line was obtained. 92 and 6, -are the final and initial angles 
respectively. When mixtures of chlorophyll and methyl red were 
used, a solution of chlorophyll alone of the same concentration was 
kept in the compensation cell. From the straight line thus obtained 
the concentrations of methyl red corresponding to any angle could 
be interpolated easily. 

The light source was a point-o-lite mercury aro lamp run from a 
storage battery of 28 volts and maintained at a constant current of 
2:2 amperes. Convex lenses of various focal length placed at a 
distance from the lamp equal to their focal lengths gave parallel 
beams of light of different intensities. The reaction vessel 1°55 x 1:65 
x 0°8 cm. was mede of plane parallel glass sides with a stopper at 
the top and was placed inside a double jacketted metal box with a 
plane glass window on one side to admit light. By continuous cir- 
culation of water through the annular space in the box from a 
thermostat by meansof a pump, the temperature was maintained 
constant. Zeiss monochromatic filters which transmit only the 


radiations of wave-lengths .6460A and 4858А in combination with 
1 om. thick dilute copper sulphate solutions were used for green and 
blue light respectively. 

Mereks' indicator methyl red end reagent methanol (free from 
acetone) were used throughout the experiment. Kahlbaum’s 
reagent phenylhydrazine was purified and stored in the dark in 
vacuum. О 

Each reaction is characterised by a long induction period, depend- 
ing on the strength of oxidant and reductant and intensity of inci- 
dent light. Generally, 16 was observed that the induction period 
decreased with decrease in the concentrat/on of methyl red and 
increased concentration of phenylhydrazine. 


—>— 
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Section А. 
Taste Ја. 
Wave-length = 4858А. Solvent=Methyl alcohol. Temp =25°. 
Intensity of radiation absorbed by в solution having initial con- 
centrations M/10,000-methyl red, M/20,000-chlorophyll, M/200- 


phenylhydrazine ia 196 ergs ; t represents any arbitrary time after 
the induction period is over. 


Time in min. Conc. of methyl red. K (zero mol.). 
t+0 81x 10-5 0°06 x 1075 
i80 6:8 0°058 
+70 4°0 
TABLE Ib, 
8M/20,000-methyl red... #+ 0 t +80 {+15 #+195 ++ 175 


M/20,000-chloropbyli ... 16x10-5  19:9x10-5 10-5x10-5 7.6х10-8 45x10 
M/200-phenylhydrazine .., 0:06 x10-5 0-06 х10-5 0-08 х10-8 0-08 x1075 


The reaction is thus в zero molecular one, equal quantities being 
converted in equal times, indeperident of the concentration of methyl 
red. 


Influence of variation of concentration of prenishy drasine 
on the velocity of reaction. 


ТАзв П, 


The conditions of experiment are the same as in Table Ia. 


Conc. of phenylhydrazine (mols) ... 0:09 0-01 0:005 
К x 105 in 0.055 0.056 0.05 


The velocity of reaction is practically independent of concentration 
of phenylhydrazine. 


Influence of concentrations of chlorophyll 
on the velocity of reaction. 


Тавів Ш. 


Intensity of incident radiation — 194 ergs. Initia! concentration 
of the mixture- M/10,000-methy] red and M/200-phenylhydrazine. 


Cone. of chlorophyll x 105 is 1-68 26 b 10 
Е x 105 ivi 0:008 0*02т 0'03 . 0'037 
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The velocity of reaction passes ‘through а maximum as the 
concentration of chlorophyll is increased. It has been observed by us 
that the fluorescent power of chlorophyll also possen through maximum 
at the same concentration. 

Temperature coefficient of the aloe y reaction.—This has 
been found to be practically tnity. The velocity of reaction is 
independent of temperature within the range of 28° to 85°. 

` Influence of the state of polarisatión* of incident radiation.—It 
has been found that the state of polarisation is without any effect on 
the velocity of reaction. - 

Calculation of quantum efficiency.—The energy of radiation was 
measured by a Moll thermopile &nd:a Moll galvanometer. Radiant 
energy from a Hefner lamp ata distance of 1 metre from the 
thermopile whose intensity is equal to 900 ergs produced a deflection 
of 41 divisions. The light absorbed by & solution 0'8 em. thick 
having the composition—M /10,000-methyl red, М /20,000-chlorophyll, 
M/200-phenylhydrazine is equivalent to. 9 divisions of the galvano- 
meter. Total number of quanta absorbed. by the solution exposing a. 

surface of 9-4 ва. om.—104 x 1033(.— 48584). 

The change: in concentration _of methyl red in 80 minutes 
=1'8x1075 (vide Table I a). The volume of reaction vessel 
—2'4x0'8 o.c. 

Hence the чаи т efficiency y: 0:18 approximately: 

If however we take into account only the fraction of radiant 
energy which is absorbed by chlorophyll only, we obtain a much 
higher quantum yield. Methyl red and phenylhydrazine exposed to 
blue radiation in absence of chlorophyll does not react with each 
other. Hence № is clear that tha radiant energy absorbed by 
chlorophyll only. is effective. We can as a rough approximation 
assume that the radiant energy absorbed by chlorophyll molecules in 
presence of methyl red is given by, 

DPI NEL. NE 
во Осы + Emon C man 
where I, represents the total energy absorbed, ean, Com, єв, 
Cmog represents the molar extinction coefficients and concentra- 
tions of chlorophyll and methyl red. 
For A= : 4858À, Евы = 17 ‚000 and ве =91, 000. 





‚ Hence the factor бы бы has the value 1/84 
ech} Con + ‘шев Сев 


approximately. 
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"And the real quantum efficiency y=0'45. - 
The quantum efficiencies for the experimental data оа іп 


Table ПІ has been calculated in | this way and the results | are recorded 
below. 


TABLE IV. 
Conc. of chlorophyll x 105 -... 1:66 | - 25 bc 10 
) # ы 1°08 0'3 045 0:2 
e de %® li i 
Section B, 


Dark reaction.—The dark reaction is extremely slow. Мо change 
in the concentration of methyl red was observed in 6 hours. А 
solution containing methyl red, phenylhydrazine and chlorophyll 
kept in the dark for 20 hours showed only 5 % reduction of 
methyl red. Hence the velocity of dark reaction can be neglected. 


we 
~ 
— 


= 


TABLE У. 


| .Intensity of absorbed radiation is 180 ergs when the solution has 
the following composition : M /10, 000- methyl red, M/20,000- 
chlorophyll, M /50-phenylhydrazine. Ac 4858 А. Temp. —25?. 


-- = 


Solvent= Benzene. : 


aoa ә * 
: : : cx EE E do - 
Time in min. Cono. of methyl red ——.-— = K, 
x 105. | Co di 

{+0 4-74 7 0°0014 
£+120 4'0 КЕ 

t+0 9°64 

+120 | > 994 . 00018 


The reaction velocity is too slow to be followed to completion. 
The agreement between the values of unimolecular constants for 
different initial Е of ше is, however, оне good. 


re 


Effect of varying аи of phonglhydrasino. 
TABLE vI. 


M]10,000-Methyl red. ° М/20,000-СЫокорБУИ. 


Сопо.` (molg/litre) of phenylhydrazine s 0-04 0:08 001 


AC d dó' ыы ` « 
Е с. ү. i m 00028 00014 . 00008 


~ 
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The unimolecular velocity constant with respect to methyl red 
i8 proportional to the concentration of phenylhydrazine. 


Effect of varying concentration of chlorophyll. 


TABLE VII. 
M/10,000-Methy] red. М [25-Phenylhydrazine. 
Conc. of chlorophyll x105 ... 166 °° *5- 10, 
К э .. 0°009 0°0028 0°0025 


As in the case of methyl alcohol as solvent, the velocity constant 
is & maximum at the concentration of б x 10-2. 

Temperature coefficient.—Temperature has no influence on the 
velocity constant. 

Quantum efficiency.—The quantum efficiency can be calculated 
from the first data in Table V. 0°74x107° р. molecules of methyl 
red represent the change in concentration in 120 minutes; the total 
volume of the solution = 2°4x0°8 e.c. The number of quanta 
absorbed by the solution per second was found to be 70x10!?. The 
number of molecules transformed per sec. —1:2x10!?. The quantum 
efficiency y= 0'017. | 

If we take into consideration the radiation absorbed by chloro- 
phyll only, у Ваз the value of 0°05 approximately. 

вы = 17.500 and emer = 17,000. 


Section C. 


TABLE VIlia. 


Solvent=Alcohol, Temp.=25°. Incident intensity=8000 erga. 
M/5,000-Methy] red. M/25-Phenylhydrazine. M/20,000-Chlo- 


rophyll. 
Time in min. e t0 t+25 tt 45 +65 
Conc. of methyl red x106 ... 17°46 18:28 9:83 6'0 
К (zero) x 105 "NES 017 0:18 0:18 


TABLE VIIIb. 


Solvent= Benzene. Incident intensity=1400 ergs. Other con- 
ditions same ав in Table VIIIa. 
Time in min. M t+0 t- 80 t4 90 


Conc. of methyl red х 105 T 118 QU , 60 
К x 108 (zero mol.) гы — 0°06 0"059 
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| . TaBe VIIIo. 


Conditions same as in Table -VIIIb, only the initial concentra- 
tion of methyl red was less. 


Time in min. m +0 t4 80 t+ 50 
Cono of methyl red x 105 : | 5 5'8 8'9 2:8 
К x 105 (zero mol.) — 0*063 0:065 


4 А : AD ; 
The reaction in both solvents is thus а zero molecular one. 


Effect of variation in the concentration of phenylhydrazine 
in methyl alcohol solution. 


TABLE IX, 
Conditions same as in Table VIIIa. 


Conc. (mola/litre) of phenylhydrazine ... 0°04 0°01 


0*005 
К x 10 


. O17 0°18 0°17 


The velocity constant is practically independent of the concentra- 
tion of phenylhydrazine. 


Influence of concentration of chlorophyll on velocity constant. 


. TABLE X. 
9 e 
Incident intensity =1400 ergs. M/10,000-Methyl red. 
- M[25-Phenylhydrazine. 
. Methyl alcohol : Benzene, 
Cone. of chlorophyll х10 Е х10 Сове. of chlorophyll x105.. К x 106. 
ra 008 . 1-66 0:086 
9*5 (077 ` 96 0069 
5 0°074 5 0°08 
10 | 0-06 10 0:048 


In both-these.solvents the velocity constant passes through a 
maximum when the chlorophyll concentration is approximately 
2°5 х 10°. 

Temperature has no. influence on the velocity of reaction. 

Quantum efficiency —In both the solvents, the velocity of re- 


action was found to be proportional to the intensity of incident 
radiation. 
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The extinction coefficients for methyl red and chlorophyll in ben- 


gene solution for radiation А = 5460A are 900 and 1600 respectively. 
On the assumption that the radiant energy is absorbed by each spe- 
cies of molecules as if the other is not present, we obtain 


Tabs | 1-7" Осы _„—6шв Св | 


For бы =5х10-5 and Omen =6"8 х 1075, Inte, has value 1400 x 0°105 
= 147 ergs. approximately. This agrees well with the value of light 
absorbed as measured directly by Moll thermopile and galvanometer. 

Hence, we are justified in’ assuming that the light absorbed by 
chlorophyll only is given by the equation, 


Т = Io] 14-9 Con | 


In Table УТПо, light absorbed by chlorophyll alone is 84 ergs. 
approximately per sq. om. 


, ' _ 84x 24 
Total quantum’ absorbed per 2'4 sq. вт. = Pax 19717 


Total number of mo%cules transformed per seo. 


_ 9-4 x 0'8 x 0:065 x 1075 x 6:16 x 1028 
80 x 1000 


y =0:24 approximately. є for chlorophyll in methyl alcohol 
solubion = 1600. 

The experimental data in Table X have been used to calculate 
quantum efficiency and the values of y are recorded below. 


TABLE XI, 
Methyl alcohol. Benzene. 
Conc. of ehlorophyll x 105. y. Conc. of chlorophyll x 105, Y, 
1.8 l0 1:66 D'45 
2b 0-70 9:5 0:48 
B 0:82 Sr ond 


^ M0 | 0°18 10 010 — 


F4 


=>“ 
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Section D. 


If phenylhydrazine is replaced by phenylhydrazine hydrochloride, 
the results obtained are materially different. The dark reaction pro- 
ceedg very slowly though with measurable speed. ‘The dark reaction 
is found to be unimolecular with respect to each of the reactants. 


TasLa XIIa. 


* 


Bolvent = Methyl aleohol, Temp. =80°. Light absorbed by initial 
reaction mixture at A=4858A= 265 ergs. М 140, 000- лер 
М [250-Phenylhydrazine hydrochloride. 


Time in min. Conc, of methyl red x 105, K (uni mol.). 
0 5 "EE СО. 
Induction period. 
185 4 
0’ 00128 
195 3-35 
600198 
985 2°61 
C 0*00128 
805 1°86 


The velocity of the corresponding dark reaction is given below. 
The dark reaction has an induction period of aboug 3 hrs. 


TaBLE ХПЬ. 
Time in min. o | T 180 | 800 490 
Conc. of methyl red x 15 .. 5 4°6 4'4 
- K аа 000028 000098 


Effect of varying concentration of phenylhydrazine hydrochloride. 
Тая XIII, 


M/20,000-Methyl red. M/40,000- Ohlorophyll. The incident light 
-same аз in Table XIIa. 


Conc. of phenylhydrazine K K Е 
hydrochloride. . dark & light. dark. true light. 
| 0:008 M - 0°00155 070005 000105 
_ 0004 - 0`00198 0'00096 == 0'00098 
0"008 | 7 000008 000019 "00088 


10 
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The unimolecular velocity constant for dark reaction is proportional 
to the concentration of phenylhydrazine hydrochloride, but the velc- 
city of the true light reaction increases slightly аз the concentration 
of phenylhydrazine hydrochloride increases. i 


IJE plotted against I/C gives a etraight line. 


Fra. 1. 


. @ 
a * 







1/ Veloosty const 
EA 





195 950 — 500 


1/ Conc. 


Effect of variation of concentration of chlorophyll. 


TABLR XIV. 


M/20,000-Methyl red. M/200-Phenylhydrazine hydroshlorids. 
Intensity of incident light same as in Table XIIa. 


Conc. of chlorophyll. K (light & dark). K (dark). К (true light}. 
Q'b x 1075 0°00120 0-000965 0*00C95 
10 x 10% 0*00140 0-00095 000115 


The velocity of dark reaction is independent of conceniration of 
chlorophyll, while that of the true light reaction increases slightly 
as the concentration of chlorophyll-increased. 

Influence of temperature.—Tha velocity constant of the Cark 
reaction is approximately doubled by a rise of 10° in temperature 
while the influence of temperature on the true ligat reaction is small. 

Quantum effictency.—The quantum efficiency of the reaction 
is very low; if we take into consideration the whole of the light 
absorbed by the reaction mixture y has a value approximately eqcal 
to 0:004 and this increases to 0'018 approximately if light absorbed 
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by chlorophyll alone is considered. Surface of the reaction cell 
=4 ва em. and the thickness 0:25 om. 

Bimilar results were obtained when radiant energy of wave-length 
5460 A is used for bringing about a photochemical change. 


+ 


TABE XV. 


Radiation absorbed by the solution having composition M /20,000- 
methyl red, M/40,000-chlorophyll, M/250-phenylhydrazine hydro- 
chloride =520 ergs. Temp.=80°. А=6460 А | 


Time in min. ue D 50 110 200 820 
Cone. of methyl гөй x105... 6 456 ` 8°85 8-0 21 


K(dark & light) 000118 000110 0'00116 


| Induction period. 


K (true light) 0-00090 — 0-00087 0-00098 


Effect of varying the concentration of phenylhydrasine 


hydrochloride. 
TABLE XVI. dis 
· Other condition same as іп Table XV. = 
on ВР ome 
К (trus light) оо 090106 000195 


The velocity of seul iB proportional to the NETS of 
phenylhydrazine hydrochloride.. 


Effect of varying the concentration о]. chlorophyl. .. 


e T - - - tro wae 


Тазга XVII, 


- a ~ 


Other Болака same as in ‘Table: XV. 
Cono. of chlorophyll x.10* c0 dE 25. Б 10 , 
K (true light) ‚. (00085 — 00014 — 00029 
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Effect of incident radiation on the reaction velocity.—The reaction 
velocity is found to be directly proportional to the incident 
intensity. Temperature coefficient is small. 

Quantum effictency.—For A-5480À and solvent methyl alcohol 
containing phenylhydrazine hydrochloride, вы =1800 and emer = 
7600; in Table XV the total energy absorbed=520 ergs per вес. 
per ва. ст. 

The energy absorbed by chlorophyll alone equals to 60 ergs approxi- 
mately. Tne change in the concentration of methyl red in the 
last 120 minutes in Table XIa is 0'9 x 1075. The.change due to 
light alone is 0°75 x 1075 approximately. | 7 


Surface of the reaction cell is 4 sq. cm and the thickness, 


0°25 em. 

. Hence the quantum efficiency у=0:009. Rince the reaction ів 
unimolecular with respect to methyl red, calculation of quantum 
efficiency has not much significance except as an indication that 
it has a very low value. | j m 


х Disoussion, 


The following mechanism of photosensitisation by chlorophyll 
explains all the principal features of the reaction between methyl 
red and phenylhydrazine or phenylhydrazine hydrochloride. 


hy + chl —pecht,,) 


кош. — chl Е ees (1) 
chle) + meh ——5» [chl.meR] (в) р | . | see. (2) i 
[chl.meR],, —> chla +шеВ .... (8) 
[chl.meR] у -FPh —> chi+leuco meR + oxidised Ph ... (4) 


[chl.meR] „+ РЕНО! —> chl+leuco meR + oxidised РЫНС! (5) 


On the basis of the commonly accepted principles, that for steady 
state, the rate of formation of an unstable intermediate product is 


equal to 158 rate of disappearance, we obtain for the velocity of . 


formatior of leuco methyl red, the following equation, 


d [meR] | hv. Ko [meR] ,,  &,[Ph] 
dí K,+K, [mek] E, K,[Ph 


ГА 








+ meR, Ph, chl p)» etc. are symbols for methyl red, phenylhydrazine and active 
chlorophyll, eic. . 
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(1) If K, and Kg sre both small compared with K;[meR] and 
K,[Ph] respectively, i.e., if the periods of the active chlorophyll 
molecule and of the intermediate complex of methyl red and active 
chlorophyll molecule are large, the equation becomes zero-molecular. 
Under such conditions obviously the quantum efficiency should be 
of the order of unity. This has been found to be the case with 
phenylhydrazine as reductant in green light both for methyl alcohol 
and benzene as solvents agd.for blue light only with methyl alcohol 
as solvent. 

(2 If К, is large compared with Kg[meR] and К, also large 
compared with K,[Ph], the reaction becomes unimolecular with 
respect to each of the reacting molecules of methyl red and phenyl- 
hydrazine. The quantum efficiency is necessarily very small. This 
is the case with phenylhydrazine as reduotant with blue light in 
benzene solution. 

(8) With phenylhydrazine hydrochloride as reductant, Ky, ів 
always very large compared with K;[meR] and hence the quantum 
efficiency is very low, and the velocity is unimolecular with respect 
to methyl red. The reaction could only be studied in methyl alcohol 
solution. In green light also Кз is large compared with K,[PhHCl], 
and the velocity is accordingly unimoletular with respect to phenyl. 
hydrazine hydrochloride. In blue light, however, Кз and K,Ph HCl 
are of the same order of magnitude, and therefoye we found. that 
the inverse of the unimolecular velocity constants plotted against 
the inverse oft he concentrations of phenylhydrazine hydrochloride 
is а straight line. 

OnkuICAL LABORATORY, Received November 18, 1983. 


Dacca UNIVERSITY, 
Dacaa. 


А Leoture Experiment on Gas Diffusion. 


Ву Arcot VISWANATHAN. 
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In order to demonstrate the change of pressure resulting from the 
different rates of diffusion of gases, the use of Cartesian divers has 
been found to be effective. Two coloured divers, во adjusted that one 
just sinks and the other just floats, are separated by в glass plate in 
a tall gas jar full of water. The rubber hung in the jar carries a 
iube strong enough to support the weight of а porous pot, which is 
held mouth upwards by the tube being bent twice at right angler. 
over a short length. On placing a vessel of hydrogen over the pot, 
the top diver sinks. On removing it bothrise. By bringing a vessel 
of carbon dioxide up under the pot the bottom diver rises. 
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REVIEW 


А Manual of Practical Inorganic Chemistry. Qualitative Analysis 
and Inorganic: Preparatiotts, by Dr. E. Н. Riesenfeld. Translated 
by P. Ray. Published by Chuckervertty, Chatterjee & Co., Ltd. 
Calcutta, 1088, pp. 471--xxii. 29 Figs. Price Rs. 6 (Indian), 98. 
(Foreign). 

There are no doubt numerous text-books on Analytical Chemistry 
but only in a few of them are attempts made at making the subject 
matter really useful and interesting to all, vtz., the beginner, the 
advanced student and the research worker. This book is an welcome 
addition to the literature in chemistry and is а masterly piece of 
work of the above nature. Both Riesenfeld and R&éy are names . 
well-known to workers in Analytical Chemistry and it ia hoped that 
the present publication will be the constant companion of every 
young chemist who is receiving instruction through the medium of 
the English Language. 

The most noteworthy feature of the book is the very successful 
‘attempt made at breaking away from the traditional pedagogic 
method of teaching analytical chemistry, first by the introduction, at 
suitable places, of very valuable, thorough and comprehensive 
directions for preparative chemistry with scrupulous and minute 
attention to purity, yield and economy. ‘The preparations, which are 
described, have been judiciously selected and are typical, and although 
not too many yet appear on scrutiny to be quite sufficient for develop- 
ing the manipulative skill of the operator to a very high order. 
Secondly, the introduction at requisite places of relevant chapters on 
theoretical chemistry, their discussion and presentation in a manner 
appealing to the intellect even of a beginner although incorporating 
matter of very recent growth, for the purpose of proper understanding 
and interpretation of analytical reactions, is a very remarkable 
achievement of which I find not much parallel in similar works of 
other authors in the English Language. Thirdly, the present volume, 
although a text-book on qualitative analysis, has 2 distinct quantitative 
bias and always aims at presenting the subject matter in such a way 
as to focus the attention of the worker on the quantitative side, 
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whereby he is expected constantly to be on the alert, and his imagina- 
tion being thereby excited, qualitative analysis will ever appear to him 
to be interesting and never as a dull routine work. This aspect of the 
problem has further been supplemented by the incorporation, wherever 
розаш, e those important reactions which are generally classed as 

‘micro ” and studied exclusively separately. The compilation of 
analytical tables is extremely clever and is another unique feature of 
the book, which I have not found elsewhere. : 

I would not presume to speak further about the text—as it will 
speak for itself—beyond stating that one would frequently find in it, 
methods, experimental technique, and explanations MEE are seldom 
found in books of similar n&ture. : 


А.М. 


"Sir Prafulla Chandra Ray Seventieth Birthday Commemoration 
Volume, Journal of the Indian Chemical 
Society, Special Number. 


Hatracts from a few Press Opinions : 


" Nature"* * * This volume of more than 800 pages contains 86 papers, and 
although the majority of these are naturally by Indiens, chemiats from Great Britain, 
America, Germany, Austria and Switzerland have also contributed. Pride of place їв 
fittingly given to a paper by the President of the Chemical Society, Prof. G. T. 
Morgan, who gives an interesting account of recent high pressure work on the 
. dehydrogenation of pyridine with anhydrous metallic chlorides. * * * The two other 
contributions from Great Britain are by Prof. M. W. Travers and Prof. F. G. Donnan, 
the former di.cussing the pyrolytic condensation and decomposition of ethane in the 
presence of hydrogen, whilst the latter presents a short but stimulating note on the 
thermodynamic functions of radiation. Students of the chemistry of polysaccharides 
will welcome а valuable resumé of recent investigations in this field from the pen of 
Prof. Н. Pringsheim. Another paper of great interest by Prof. Freng Fischer 
summarises the valuable work on the utilisation of coal gas. ** * Prof, М. М. Saha 
has, however, written a remarkably able review entitled '' Spectroscopy in the Service 
of the Chemist." The contributions to this commemoration volume reách a high 
standard and augur wellfor the future of the schools of Chemistry in India of which 
Sir Prafulla may with justice regard himself as the Founder. 

* Journal of the Franklin Institute" The reviewer believes it will be sometime ` 
before he again sees a special number of a chemical society journal similar to this. 
The Indian Chemical Society may well be proud of Фа Commemoration Volume 
dedicated to a world-renowned pioneer of chemical research in India, Sir Prafulla ` 
Ohandra Ray * * * Itis very, very seldom that Such a collection of authors will 
be found between the covers of в chemical journal * * * After reading the list of 
authors all cbemista will have prepared themselves for a geries of papers touching 
upon almost every phase of chemical science and dealing with the subjects in a olear, 
concise and authoritative manner. In all, there are 86 papers of which only brief 
mention can be made here. Colloid chemistry has always received considerable 
attention from Indian chemists and is well represented. * * * 

i: Current Selenoe" * я * Т have nothing bup praise for the wealth of diverse 
and interesting material here presented. From the first item, appropilately introduc- 
ed by the President of the Chemical Society, London, throughout until the last, by 
Dr. Franz Fischer of the Kaiser-Wilhelm Institut für Kohlenforschung, Mulheim- 
Ruhr, every contribution justifies its inclusion, and the prodigality of subjects recalls 
the bill-of-fare with which pre-war transatlantic linere were wont to dazzle their less 
fastidious passengers. А rough analysis of the 86 memoirs spportions their subjects 
among the following branches :—Pbysical (8), organic (7), colloidal (5), pyro-chemical 
and biochemical (each 4), molecular (8), photochemical (2), thermodynamio, therapeutic 
and microchemical (each 1). * * * Thus the promoters of the volume, and the 
collaborators who gallantly responded to their invitation deserve warm congratulation 
on the success of their enterprise. * * * 
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Reduction of Chloral Hydrate and 
Я Chlo»al Aoylchlorides. 


By GAJANAN WAMAN DEODHAR. 


Chloral hydrate has been reduced with aluminium amalgam 
giving a product (b. р. 96-98°), which consists mainly of dichloral- 
dehyde hydrate as it gives dichloroethylidene diacetate, CHCl,’ 
CH(OCOCH,). (Delacre, Bull. Soc. Chim., 1980, 48, 715) with 
acetic anhydride and sulphuric acid and dichloroacetal with alcohol 
and sulphuric acid and dichloraldehyde by distillation with sulphuric 
acid. Dichloraldehyde is further confirmed by the preparation from it 
of a88-trichloroethyl acefate, CHCl, CHCI‘OCOCH, (Delacre, loc. 
cit.) by the action of acetyl chloride and of glyoxime by the action of 
hydroxylamine. 

Chloral acetylchloride, CC13* CHCl:OCOCH,, was reduced by Curie 
and Milliet (Compt. rend., 1901, 188, 745; Beg., 1876, 9, 1611) by 
means of zinc and acetic acid. They described the reduction product 
as af-dichloroethyl acetate, CH,Cl‘CHCl-OCOCH, (of. Natterer, 
Monatsch., 1882, 8, 458), who prepared it by the action of acetyl chlo- 
ride on ehloraldehyde hydrate. This seemed to be unlikely and 
hence а study of the reduction product-was taken up. The same 
product is obtained by reducing chloral diacetate, CCl,°CH(OCO- 
CH,)q with zino and acetic acid. · This shows that the presence of a 
Cl atom in the a-position in the reduction product is unlikely. 
The reduction product absorbs two atoms of bromine. It behaves like 
dichloraldehyde towards phenylhydrazine, semicarbazide, eto., and 
gives dichloraldehyde hydrate on treatment with concentrated am- 
monia solution. All these properties show that the reduction product 
is B-dichlorovinylacetate, CClg: СН'ОСОСНз. This can hydrolyse 
to form dichlorovinyl alcohol which would give rise to dichloral- 
dehyde. 

B-Dichlorovinyl acetate gives with dry ammonia §-dichlorovinyl- 
amine. The latter gives with benzoyl chloride and caustic soda a 
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substance m.p. 199° (decomp.) to which the following constitution 


is provisionally given 
CCl 
(е 
М 33 
C 


Other §-dichlorovinyl esters were prepared by reduction of the 
condensation products of chloral with acyl chlorides with zine and 
acetic acid. 


EXPERIMBNTAL. 


Preparation of chloral acylchlorides,—The acid (1 mol.) was heated 
with thionyl chloride (2 mols.) on a water-bath with a reflux conden- 
ser till the evolution of ВО. and HCl slackened. The mixture was 
then cooled and chloral (a little more than 1 mol.) was added. 
The mixture was then shaken with a few drops of concen- 
trated sulphuric acid when the condensation took place with the 
evolution of heat. The condensation is less vigorous the higher the 
molecular weight of the acid and in some cases it is neceasary to 
start the reactidh fy heating the mixture. The -condensation pro- 
ducts are liquids and some of them decompose on distilling under 
reduced pressure. In such oases the substance was washed, dried 
and reduced with zine and acetic acid. 

Reducticn of chloral hydrate.—Chloral hydrate (84 в.) was dissolved 
in water (100 с.с.) and reduced with aluminium amalgam prepared 
from aluminium foil (18°6 g.) and added in three lots. The mixture 
was extracted several times with ether and s liquid (66 g. b. p. 96- 
98°) was obtained on removing the ether. This gave dichloraldehyde 
with partial decomposition on distillation with sulphuric acid. 

y-Dichlorocrotonic acid.—Dichloraldehyde (18 р.) was mixed with 
malonic acid (12 g.) and pyridine (15 g.). The reaction which imme- 
diately started with evolution of CO was completed by heating on 
the water-bath. The mixture was heated with dilute sulphuric acid 
‘and extracted with ether. A sticky liquid which was obtained on 
the removal of ether gave a crystalline solid (2°5 g.) on the addition 
of a little water. The solid formis white feathery plates from water, 
m.p. 100-01°. (Found: Ol, 45°72; Eq. wt. 168:8. C,H,0,Cl, 
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requires Cl, 45°75 per cent; Eq. wt., 154'0). The mother liquor 
from above gave a sticky residue which solidified on keeping in & 
desiccator. This was purified from chloroform and gave short, 
prisms, m.p. 117-18?. It was found to be ап acid containing chlo- 
rine and of Eq. wt., 208°9. 

B-Dichlorovinyl acetate. —Chloral acetylchloride (100 р.) (Meyer and 
Dulk, Annalen, 1874, 171, 67), prepared by treating water-free chloral 
with an equivalent quantify, of acetyl chloride in the presence of sul- 
phuric acid, was reduced by shaking in a bottle with acetic acid (160 
с.о.) and zine dust (60 в.) which was added in small quantities at a 
time. After the reduction was complete, the mixture was filtered to 
remove zinc acetate and unchanged zine and the filtrate diluted with 
water. The heavy oily liquid (60 g.) separating was dried over sul- 
phuric acid and distilled at 148-49°. (Found: Cl, 45'8, M. W. 164°5. 
O,H,0,Cl, requires Cl, 45°8 per cent; M. W., 154°9). Curie and 
Milliet (loc. cit.) recorded the b.p. as 146°. The same product is 
obtained by the reduction of chloral diacetate (Meyer and Dulk, 
loc. cit.) with zine and acetic acid in a similar way. 

B-Dichloro-aB-dibromoethyl acetate was obtained as a liquid by 

treating B-dichlorovinyl acetate with bromine, b.p. 127°/40 mm. 
(Found: Br, 50°72. C,H,0,Cl,Brg requires Br, 50°72 per cent). 
The product decomposes on keeping. 

B-Dichlorovinylamine.—-Dichlorovinyl acet&te,(BO р.) was өй 
with chloroform (50 о.о.) and a.few р. of powdered anhydrous 
sodium sulphate and a brisk current of dry ammonia was passed 
through the mixture which was cooled with water. After 2 hours 
when the smell of the ester disappeared, the mixture was washed 
with water and dried over caustic soda and the chloroform was 
evaporated off. The sticky residue on dissolving in aleohol and 
keeping gave a white solid (2°6 g.), which crystallised in needles from 
alcohol, m.p. 109°. (Found: М, 12:0; Ol, 68°4. CgH,NOlg requires 

№, 1276 ; Cl, 68°4 per cent). 

16 gave with benzoyl chloride in presence of caustic soda a solid 
which crystallised in needles, m.p. 199° (decomp.) from alcohol. 
(Found: М, 8:8; Ol, 20:8. C,gH;,ON,Cl, requires N, 8:6; Cl, 20°8 
per cent). 

Action of aqueous ammonia.—p- -Dichloroviny! acetate (72 g.) was 
dissolved in concentrated aqueous ammonia while cooling in ice. 
The solution was quickly acidified with dilute sulphuric acid and 
extracted with ether. The liquid (40 g.) that remained after removal 
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of ether was identified with the reduction product of chloral 
hydrate. 

B-Diehlorovinyl acetate gave with malonic acid in presence of 
pyridine y-dichlorocrotonic acid, with phenylhydrazine glyoxal- 
osazone, m. p. 170? (Found: М, 28:5. C,,H,,N, requires № 28°5 
per cent) and with semicarbazide hydrochloride disemicarbazone of 
glyoxal. (Found: N, 49 8. C,H4305N, requires №, 48:0 per cent). 

Chloralpropionyl chloride, b. p. 120?/40 mm. (Found: Cl, 59-4. 
C;,H,O,Cl, requires Cl, 59:1 per cent). = 

B-Dichlorovinyl propionate, b. p. 90-92°. (Eound: Cl, 42:0. 
C4H.40 Clg requires Cl, 42°0 per cent). 

| B-Dichloro-aB-dibromoethyl propionate, b. р. 145-46°/89 mm. 
(Found: Br, 48:8. С,Н,0С1.Вго requires Br, 48°6 per cent). 

. Chloral-n-butyryl chloride, b. р. 128° [86 mm, (Found: Cl, 55:6. 
C,H,0,Cl, requires Cl, 55'9 per cent). 

B-Dichlorovinyl n-butyrate, b. p. 100-101°/86 mm. (Found: Cl, 
89:1. O&gH40;,Clg requires Cl, 88-7 per cent). 

B-Dichloro-o8-dibromoethyl n-butyrate, b. р. 162-64°/40 mm. 
(Found: Br. 46:5. 0,9,0,С1,Вг, requires Br, 46:8 per cent). 

B- -Dichlorovinyl benzoate was obtained as needles, m. p. 84-867. 

(Found: Cl, 82:6. С,Н,0,С1, requires Cl, 88-7 per cent). 
| B-Dichlorovingl cinnamate was obtained as needles, m. p. 70°, 
(Found; Cl, 29°2.° 0 119505015 requires СІ, 29:8 per cent). 

B-Diochloro-oB-dibromoethyl dibromocinnamate was obtained as 
needles, m. p. 87-88? (Found: Br, 57:0. C,,HgOgClgBr, requires 
Br, 56:8 per cent). 

The author is thankful to the University of Bombay for the grant 
of Springer Research Scholarship and to Dr. А. М. Meldrum for his 


interest in the work. 
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Bisiminocamphor Derivatives with Exalted Optical 
' Activity. 


* 


Bx В. M. Pareu AND P. C. GUHA. 


Forster and Thornley (J. Chem. Soc., 1909, 98, 942) observed that 
bisiminocamphor derivatives display remarkably high rotatory power, 
and this was later ascribed to an optimum association of azethenoid 
groups, conjugated linkages and a benzene ring within a narrow 
molecular compass (Forster and Spinner, ibid., 1919, 116, 889). 
B. К. Singh and his collaborators also have prepared numerous bis- 
iminocamphor derivatives (ibid., 1919, 118, 566; 1920, 117, 1699; 
1921, 119, 1971 ; J. Indian Chem, Вос., 1926, 8, 885; 1929, 6, 107; 
1930, 7, 545, 771; 1981, 8, 95, 181, 845, 628; 1982, 9, 1) including 
1:4-naphthylenebisiminocamphor and pp'-bisiminocamphordipheny- 
lamine, with molecular rotation 18416° (pyridine) and 14281° (ethyl 
alcohol) respectively. These two compounds, within a narrow mole- 
cular compass, embrace two azethenoid groups and included in 
their naphthalene or benzene rings conjugated double linkages aggre- 
gating nine and ten respectively, thus confirming the above-quoted 
generalisation. 

Maintaining the foregoing typical molecular arrangement, wehave . 
now prepared 1:4-naphthylenebisiminobenzylideneiminocamphor in 


N=CH N= 
band | CoH, 
OC 
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which the number of conjugated double linkages has been inorea- 
sed to 17; correspondingly, the molecular rotation reaches 22060? in 
Pyridine for the mercury yellow line 5780. This observation was 
made in collaboration with Mr. 8. М. Mistry and communicated to 
the Indian Science Congress, 1981. 


The preparation of this compound followed some unsuccessful 
attempts. An obvious method would be to condense with 1:4 
naphthylenediamine two molecules of ће condensation product of 
p-aminobenzaldehyde with camphorquinone, but the latter could not 
be obtained owing to the readiness with which the aldehyde under- 
goes polymerisation (cf. Gabriel, Ber., 1888, 16, 2000). The next 
attempt was to proceed through p-nitrobenzaldehyde according to the 
following scheme: 





,. CHO'OgHyNOs { 
| == 
| 
МН. N=CH'C,H,NO, 
e © | 


bm 


N = CH-C cH ,NHa 


‘Oamphorquinone > 


= CH’O,H,NHg, 


The acid reduction of bisnitrobenzylidenenaphthylenediamine could 
not be effected, the azomethine group being very sensitive to 
mineral acids, while reduction with alcoholid ammonium sulphide, 
zinc dust and acetic acid or ferrous sulphate and ammonis yielded 
only tarry products. Е : 
Finally, we condensed p-acetaminobenzaldehyde with 1:4-naphthy- 
enediamine, removed the acetyl groups by dilute hydrochloric acid in 
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alcohol, and condensed the resulting bisaminobenzylidenenephthy- 
lenediamine with camphorquinone: as follows: 


N=CH'0,H,*NHAo 


"E -— 6% 


N=OH'C,H,"NHAo 
E 


y Hydrolysis 
x OH'C,H,NH, 


Oamphorquinone 
——_—_— 


(1) 
N=CH‘C,H,NH, 


. Itis well known that the carbonyl group exalts optical rota- 
‘tation in organic compounds (cf. Hilditeh, J. Chem. Soc., 1911, 
99, 224) and it seemed of interest to ascertain the effect on 
rotation produced by interrupting a conjugated system with a carbonyl 
or a carbamido group. The introduction of a carbonyl, carbamido 
or an oxamido group between two benzene rings in pp-diphenylene- 
bisiminocamphor from benzidine and camphorquinone, and a com- 
parison of the resulting rotations with those ‘of the corresponding 
compounds of benzidine and diaminodiphenylmethane would indicate 
the effect of such groups combined with interruption of conjugation. 

While pp'-diaminobenzophenone* could not be condensed with 
camphorquinone, the bisiminocamphor derivative of pp-diaminodi- 
phenylearbamide and pp-diaminodiphenyloxamide show the following 
rotations, the values comparing very favourably with that of the 
benzidine compound; itis thus clear that the decrease caused by 
breaking the continuity of conjugated double bonds is more than 
compensated by the introduction of the carbamido and the oxamido 
groups. 


* For dissimilar behaviour of diaminodiphenylmethane and disminobenzophenone 
compare Guha and Mistry (J. Indian Inst. Soi., 1982, 15А, 27), 
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X а . Mp in оно... 
gp 


C,H N T 
pHi, od oot 8911 
(1T) 
O-N'O,H,-NH:C0-CO-NH:C,H4:N-C 
он, E | CoH, 12094" 
со e. оси. 
(LII) 
OH] c | эон, 5585 
CO T OC 


Resembling pp-diaminobenzophenone, pp-diaminoazobenzene (i), pp- 
diaminodiphenylazodicarbonamide (ii), 1:4-diaminoanthraquinone (iii), 
and bisaminophenylanthraquinonedimide (tv), could not be made to 
react with camphorquinone; the compounds sought, particularly 
that from the last named, were expected to show very high rotatory 
power. * 


() NH,O,H,N-N'O,H,NHg (ii) N-CO-NH‘C,H,NH, 


T 
. N'CO'NH:C,H4NH; 
' и М C;H,.NH, 
(iii) (iv) YA | 
/ AS 
GO NH, | 
N'O,H,NH, 


EXPRRIMENTAL, 


Condensation ој p-nitrobenzaldehyde with 1:4-naphthylenedi- 
amine.—The naphthylenediamine was prepared by coupling diazotised 
aniline with o-naphthylamine and reducing the product with zinc and 
boiling water (Ber., 1889, 22, 1881). To naphthylenediamine hydro- 
chloride (2°4 р.) dissolved in a little water, oryatalline sodium acetate 
was added in excess. p-Nitrobenzaldehyde (8:5 р.) in 95% alcohol 


* These experiments were conducted in collaboration with Mr. В, M. Mistry and 
a preliminary report published in the Proc. Indian Science Сопя.. 1982, p. 220. 
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was then added and. the mixture heated under reflux for 8 hours 
-when gradually the dinitro-compound separated аз a reddish-yellow 
precipitate which was washed with hot aleohol and recrystallised from 
glacial acetic acid, m.p. 281°. (Found: N, 18704. С.Н ,0,N, 
requires М, 18:2 per cent). 

Attempts to reduce the dinitro om town d: —Reducing agents in- : 
volving the use of mineral acids could not be used because they 
attacked azomethine group» Reduction was successively tried wit 
alcoholic ammonium sulphide, sodium sulphide and water, zinc dust 
and glacial acetic acid and lastly with ferrous sulphate and ammonia. 
The ethereal extract of the free diamine exhibited in all cases a 
green fluorescence and on evaporation of ether left only a tarry 
semi-solid mass. 

Condensation of p-acetaminobensaldehyde with 1: 4-naphthylone- 
diamine.—The yellow crystalline acetamino compound was obtained 
by boiling p-aminobenzaldehyde hydrochloride with acetic anhydride 
and fused sodium acetate (Monaish., 1908, 24, 88), m.p. 154-55° (not 
161° as given in the literature). 

A solution of naphthylenediamine Бао (2° 8 g. in — 
excess of sodium acetate and acetaminobenzaldehyde (8°5 g.) in 95% 
alcohol was heated under reflux for 2 hours. The precipitated 
greenish powder crystallised from pyridine in brown needles, m.p. 
817°. (Found: N, 12:6. Cag Hg4OgN, requires *N,42°5 per cent), 

Hydrolysis of the acetyl compound.—Hydrolysis could not be 
effected by boiling with №2, 2N, and ƏN alcoholic potash, while 
stronger alkali gave tarry products. The diacetyl compound was 
next mixed with в small quantity of sloohol and treated with dilute 
hydrochloric acid, forming a clear solution on being gently warmed: 
this was cooled in ice and treated with ice-cold concentrated hydro- 
сое acid when the hydrochloride of bis-pp-aminobenzylidenaph- 
thylenediamine was obtained as a yellowish-red crystalline product. 
(Found: М, 18:12. С.Н М.С15 requ'res М, 12°81 per cent). 

1:4-Naphthylenebisiminobenaylideneiminoecamphor (I).—The hy- 
drochloride of bis-pp-aminobenzylidene-1 : 4-naphthylenediamine 
(4-8 р.) mixed with water and excess of sodium acetate was treated 
with camphorquinone (8:6 р.) in 95% alcohol and boiled for 2 
hours. On cooling, deep-red crystals were deposited which after 
being washed with water and petrol erystallised from absolute 
alcohol, m.p. 289°. (Found: М, 86 C,,H,,0,4N, requires М, 8 4 
per cent). The rotation observed for 0°1100 g. of the substance 


2 
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dissolved: in 250 o.c. of dry pyridine іп a 1 dom. tube was азтво = 


1'475; whence []25° =3840-9°, corresponding to [M]25* = 22050? 
| 5780 - 5780 


_. Ап improved method of preparing pp'-diaminodipkenylcarbamide .— 
The method of Schiff and Ostrogovitsch (Annalen, 1896, 298, 376) 
' gave в very poor yield most of which was, however, insoluble in 
boiling concentrated hydrochloric acid. The condensation of acet- 
p-phenylenediamine with urea proceeded’ quite smoothly according 
to. the method of Guha and Mistry (J. Indian Chem. oc., 1980, 
8, 708) in boiling ашу] alcohol, evolution of ammonia terminating 
after 7 hours. . The pure colourless diacetyl compound melted 
at 848°. 

Hydrolysis could not be effected by boiling for a long time with 
dilute hydrochloric acid, but the powdered acetyl compound dissolved 
in gently boiling concentrated hydrochloric acid for 4 hour. The 
filtered solution on concentration gave a white crystalline hydro- 
chloride. 


Diaminodiphenyloarbamide and camphorquinone: Formation of 
carbamidodiphenylenebisiminocamphor (II).—A mixture of diamino- 
diphenylearbamide hydrochloride (1°6 g.), excess of sodium acetate 
and camphorquinone (85 g.) in 95% alcohol was boiled under reflux 
for 2 hours when {he solution became deep red. The greenish 
yellow precipitate obtained on adding water was washed with petrol 
to remove camphorquinone and yielded on careful crystallisation 
from alcohol two isomeric compounds (A and B). The substance 
(A) was nearly insoluble in alcohol and was obtained as а greenish 
precipitate after several crystallisation from 98% alcohol, m.p. 280°. 
Compound (B) was obtained as an orange powder efter crystallisation 
from 70% alcohol, m.p. 266°. (Found: (А) №, 10°; (B) М, 104. 
ОззНззОзМ№. requires М, 10°4 per cent). 0°2110 G. of the substance 
(A), dissolved in 25 с.с. of chloroform gave in 0°6 dem. tube 
о 6'99°, corresponding to [M], —89114*. On account of the 
sparing solubility of (B) in solvents its molecular rotation could 
not be determined. 


Oxamidodiphenylenebisiminocamphor (1II).—The yellow crystalline 
compound obtained from the hydrochloride of diaminodipheny}- 
oxamide (8°42 g.), prepared according to Mistry and Guha (loc. oit.), 
excess of sodium acetate and camphorquinone (8°5 g.) by boiling in 
95% alcohol crystallised from alcohol in yellow shining leaflets, m.p. 
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188% (Found: М, 9:0. C3,H;,0,N, requires N, 9°8 per cent). 
0'108 (+. of the substance in 26 с.с. chloroform in в 0° dem. 
tube gave a, = +8'4°, whence [12° 10504" and [M], =9841'7°. 
0'078 G. of the substance in 100 c.c. pyridine gave (0'5 dem. tube) 
ay =0°78°, whence []3" —2186:9* and [M], = +12095. 


Thiocarbobishydrastnocamphor. 


е è 


= М:МН 
CoH, | OS 
О 5 


Thiocarbohydrazide (1 mol.) and camphorquinone (2 mols.) were 
heated for 80 hours in absolute alcohol using anhydrous sodium 
sulphate as condensing agent. The yellow plates separating out 
on cooling, were washed successively with water and petrol and 
recrystallised from alcohol in yellowish-brown shining plates, m.p. 
226°. (Found: 8, 8'2. С,;Н,,0.№,8 requires 8, 7'0 per cent). 
0°94 G. of the substance dissolved ір 100 с.с. chloroform gave in а 
_0°5 dom. tube a = +1'82°, whence [М] = + 1557*. 

Condensation of 2 :2/-diaminodiphenyl and 1 :2-naphthylenediamine 
with camphorquinone could not be effected by the above methods. 

The authors’ thanks are due to Sir Martin Forster, F.R.S. for 
the kind interest he has taken in this investigation. © 
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Synthesis of pp'-Diphenylenedimonosulphide. 
| Bx V. О. PanzEH AND P. О. Оона. 


p-Phenylenedimercaptah *gives on oxidation a white amorphous 
powder possossing the empirical formula (Og,H,8,),. As the di- 
sulphide (or polysulphide?) so formed is insoluble in all organi^ 
solvents it has not been possible yet to solve by determining its 
molecular weight the question as to what is the nature of com- 
plexity of the molecule. It was thought worth while to try the 
action of some suitable desulphurising agents upon the di-(or poly?) 
sulphide with the hope that the desulphurised product would be an 
aromatic hydrocarbon (I), (II) or (III) and which in all probability 
would be soluble in organic solvents and would lend itself to mole- 
cular weight determination... 


0-0 020-00 


(I) 


[OO Os 
DOO 


(III) 


In order to remove the sulphur atoms, desulphurising agents 
such ав sodium, molecular sodium, mercury, mercuric chloride and 
nitrate, natur cupfer and freshly reduced copper have been tried 
under varying conditions of experiments. Of all these reagents 
natur cupfer and freshly reduced copper have only been found to be 
suitable for the purpose and the product isolated from the reaction 
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mixture melted after purification at 148°. The analytical rer ulis 
and the molecular weight (216) show that the compound possesses 
the formula (C,9H,8,) and is evidently a product of partial desul- 
phurisation of the original polysulphide. 

Now there are two possible structures (V) and (VI) which can 
be attributed to this compound, the former arising from pp-di- 
phenylenedisulphide (IV) (or from a polysulphide like 

C H тика e з Р 
в, oth, аы. 
O,H,—8,—0.H,/ 
by ilis loss of two sulphur atoms from one side апа the latter by the 
elimination of one atom of sulphur from each of-the disulphide 
groupings. 


eo (ГО 


ай " ы ~ 


А 


Г. И 


e ® (VI): mn 

The formula (V) has been rejected on the ground that our com- 
pound does not give any trace of mercaptan when subjected to the 
action of reducing agente; moreover, the removal of both of the 
sulphur atoms from one of the molecules leaving the other half intact, 
does not seem to be very likely. As the yield of the compound is 
very poor (vide experimental) it has not been possible to adduce any 
further experimental proof in confirmation of the symmetrical di- 
monosulphide structure. | 16 will be seen that although the original 
object vis., the conversion of the tetrasulphide into pp/-diphenylene 
has not been fully realised, this reaction has, however, been 
employed with advantage to solve the molecular complexity of the 
original polysulphide which can now be regarded as pp'-dipheny- 
lenetetrasulphide and that it has yielded a hitherto unknown type of 
compound in which the two pairs of para carbon atoms are linked 
through sulphur, The question now naturally arises as to 
whether the synthesis of this  pp/-diphenylenedimonosulphide “` 
suports or contradicts Kaufler's folded structure of diphenyl’ 
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(Annalen, 1007, 881, 151) which according to recent work (J. Amer. 
Chem. Soc., Ohemical Reviews, 1988, 12, 269) has been definitely 
proved to be wrong. The fact that diphenyl has been proved to 
possess an extended co-planar structure and that attempts to convert 
its pp'-diiodo derivative into pp/-diphenylene have resulted in 
faliure (Birear and De, J. Indian Chem. Soc, 1920, 8, 245) do not 
necessarily mean that a substance like ,diphenylenedimonosulphide 
should be incapable of existance. In diphenyl two nuclear carbon 
atoms are directly connected and in the other the two pairs of 
para carbon atoms are connected through sulphur, which 
must exert some sort of effect on the valency directions in 
consequence of whish the two pair of para-carbon atoms 
might come sufficiently near to be linked through sulphur. The 
phenylene residues in compound C,,4H,8, can be in one plane as 
shown in A or in a plane perpendicular or inclined at some angle to 
that of the paper as shown in B. Substitution products of this 


8 S 
ZN ZN 
S NA x 
(А) (В) - 


interesting compound might lend themselves to optical resolution 
due to the asymmetry of the molecule as a whole. Model B even 
with one substituent will make the molecule asymmetric; whereas 
there is the possibility of substituents making model A assume an 
asymmetric structure due to restricted rotation on the basis of 
which the optical activity of the diphenyl] derivatives is now 
explained (Chem. Ind., 1926, 46, 881, 864, 884). The effect of 
other groups like (CH,),, CO and (NH), in bridge formation between 
two pairs of para carbon atoms of two benzene molecules is under 
investigation. 


RXPRRIMENTAL. 


_ p-Phenylenedisulphochloride was prepared starting from ви]. 
phanilic acid via potassium xanthosulphonate of benzene (КО,8- 
ОвН,'В'СВ'ОЕБ) and potassium benzene disulphonate. The disul- 
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phochloride melted af 180? and поб at 181° as given by Koernér and 
Monslise (Gazzetta, 1876, 6, 140), Jackson and Wing (Ат. Chem. J., 
1887, 9, 832) give 189°, Zincke and Frohneberg (Ber., 1909, 43, 
2791) give 188°. 


p-Phenylenedimercaptan,—(a) The method of Sestini (Ber., 1876, 
9, 584) for reduction of the sulphochloride by means of tin and 
hydrochloric acid was found not to give more than 20 № of theoreti- 
cal yield. m : 

(b) Reduction of the sulphochloride (1 mol.) by means of 
hydrochloria acid (18 mols.) and zine dust (8'5 mols.) added portion- 
wise under reflux did not give more than 25 % yield. 


(c) The method given in ‘‘Organic Synthesis’’, Vol. I, p. 71- (for 
the preparation of-thiophenol) was also tried with the result that 
the yield could only be raised up to 80 % of theory. 


(d) The best method.—An intimate mixture of the disul- 
phoehloride (81 д.) and zinc dust (100 в.) was suspended in 
water (150 в. е.) in a three-necked round bottomed flask (1 
litre capacity) fitted with a long upright condenser. Concen- 
trated hydrochloric acid (800 с.с.) was then added drop by drop 
during half an hour from & separating funnel while the mixture 
was stirred by а mercury-sealed stirrer. (It was found that 
the commercial Hydrochloric acid gave в better yield than 
when Merck’s: pure hydrochloric acid was used.) The stirring 
was continued for half an hour after addition of the acid was over. 
The flask was then heated gently for about an hour and then 
vigorously with the addition of some more zinc (20 g.) and hydro- 
chloric acid (100 в.в.); rapidly cooled in ice-water and the contents 
filtered. ‘The white precipitate was digested with absolute alcohol 
thrice and the small quantity of insoluble residue was again treated 
with zinc dust (20 g.), hydrochloric acid (100 o.c.) and water, boiled, 
cooled as before and extracted with absolute alconol. The concen- 
trated alcoholic extracts on being poured into an excess of water gave 
the mercaptan as a white precipitate. It crystallised from 95 % 
‘alcohol, m. p. 96-97° which rose to 98° on recrystallisation; yield, 
12 р. (75 % of theory). 

Oxidation of the dimercaptan has been effected by Lustig (J. 
pr. Оћет., 1890, й, 41, 206) and also by  Frohnsberg (Ber., 
1909, 42, 2727) by various oxidising agents. We found № 
more convenient, however, to adopt the following method: 
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Ferric chloride (120 р.) dissolved in hot alcohol (150 в.в.) was added to 
the mercaptan (15 g.) dissolved in the minimum quantity of hot alcohol 
when а yellowish precipitate was formed. The reaction mixture 
was heated for about two minutes more, filtered hot, washed several 
times with hot alcohol under suction and dried in a vacuum 
desiccator. 15 is an amorphous powder insoluble in organic 
solvents and not melting even at 800°. (Found: 8, 45°98. (С.Н.Во), 
requires В, 45°71 per cent)., 

Desulphurisation with reduced copper in a current of carbon 
diozide,—-A narrow hard glass tube (18/ long), sealed at one end, 
was charged with powdered magnesite (2) followed by an intimate 
mixture of the polysulphide (4 g.) and freshly reduced: copper (10 g.) 
and then а column of reduced copper (2”) with asbestos plugs 
separating them. The open end of the tube was bent at an angle 
of about 120° drawn narrower and immersed under water contained 
in & beaker. The burner below magnesite was first ignited and a 
slow current of carbon dioxide allowed to bubble through water, 
the burners below the copper powder and the substance were lighted 
-gradually and the heating continued for 8 hours when a few 
drops of an oil collected on the surface of water. The ethereal extract 
of the oil was dried with anhydrous magnesium sulphate and 
‘yielded after distilling off the ether а thick oily substance which 
contained sulphur. The ether and benzene extyacte of the contents 
of the tube gave only & very small quantity of tarry mass which could 
not be purified. The metallic residue evolved hydrogen sulphide 
profusely on treatment with hydrochloric acid. 


A modified process.— An intimate mixture of the polysulphide 
(7'5 в.) and reduced copper (16 g.) was heated in a round-bottomed 
flask fitted with a vertical tube at its mouth and carrying a calcium 
chloride guard tube at the end for 2,6 and 12 hours at 200°, 250° and 
800° in a metal bath, making altogether nine experiments. It was 
only in the last experiment that some reaction was found to take 
place. The extracts of the contents of the flask in hot dry benzene 
yielded a small quantity of a brownish-yellow heavy oil. From six 
such experiments only 0'9 в. of the thick oil could be collected. 
Attempts at its purification failed due to its extreme solubility in all 
organic solvents. Some crystals, however, separated from the oil 
on standing in a vacuum desiccator for about two months which 
were carefully separated by filtration under suction and then washed 
with dry benzene, m. p. 146-47°; after crystallisation from benzene 
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the m. p. roge to 148°, on recrystallisation the m.p. remained un- 
changed. The substance was recovered unchanged after being boiled 
with zine and hydrochloric acid and did not contain any mercaptan. 
[Found: (miero* method) C, 67°94; Н, 8°99; В; 48°84, M. W., 216. 
С HgBg requires С, 66°66; Н, 8°7; 5, 20°62 per cent. M. W., 216). 
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* 0'024 G. of the substance was sent to Prof. Pregl of tke University of Graz 
in Décember 1980 for micro analysis and molecular weight determinations and these 
resulta have been communicated to us by Dr. Angust Verdino, the lamentable death 
of Prof. Pregl having occurred in the meantime. 
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Synthesis of 8 :6-Dimethoxyhomophthalio Acid 
* and of some Monomethoxy- 
homophthalic Acids. 


By BATYENDRA МАТН CHAKRAVARTI AND М, SWAMINATHAN. 


During the course of our synthetical experiments on ү -opianic 
acid and berberine alkaloids we required some hydrindones and 
homophthalic acids as the starting substances. Careful study of 
the literature revealed the fact that a.majority of the monomethoxy- 
homophthalic acids and 5:8-dimethoxyhomophthalic acid are still 
unknown. In this paper the synthesis of 6 :6-dimethoxyhomophtha- 
lic acid (I) and 4- and 6-methoxyhomophthalic acids (IIT, П) is 
recorded. The synthesis of 8-and 6-methoxyhomophthalio acids is 
reserved for & future communication. 


N 


MeO ъ a 
MeO pue MeO nae CH,COOH 


‚соон | /COOH ` MeOWXZ 000H. 
t (п) (UT) 


5 :6-Dimethoxyhomophthalic acid was synthesised in the follow- 
ing manner: o-Veratraldehyde was first converted into 2:8-dime- 
thoxycinnamic acid according to the conditions described before 
(Chakravarti, J. Indian Ohem. Soc., 1929, 6, 228). The cinnamic 
acid was then reduced and converted according to the method of 
Ruheman (Ber., 1920, 88, 275) into 4:6-dimethoxyhydrindone (IV), 
the isonitrogo derivative of which was converted into 2-carboxy- 
5 :6-dimethoxyphenylacetonitrile’ (VII) in в yield -of about 95% -by- 
. the action of toluene-p-sulphonyl chloride. The cyanide was hydro- 
lysed to 5:6-dimethoxyhomophthalic acid in an yield of about 90%. 
This acid was also obtained in а poorer yield by the direct oxidation 
of 4:5-dimethoxyhydrindone (IV) with dichromate and sulphuric 
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acid. During the course of these experiments 4:5-dimethoxy- 
1:2-diketohydrindene (VI), m.p. 150°, was also isclated. 


MeO MeO 
MeO am MeO ^N, fre Мео/^ И 
^Y | У NOH —> бо 
Vu Р, РРА | T 
(IV) (V) dd (V1) 
MeO 


(УП) 


5-Methoxyhomophthalie acid (II) which had previously been 
obtained by Ingold and Pigott (J. Chem. Soc., 1928, 128, 1608) has 
now been prepared in a better yield by the application of the above 
method. 65-Methoxy-1:2-diketohydrindene (VIT), m.p. 152° was 
also isolated. 


о фо 
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MeO CH, Meo/\/cH, 7 
N CO \/\50 ANY 
MeO CH, 


(VILI) 


4-Methoxyhomophthalic acid was also prepared by a method 
similar to that outlined above. 6-Methoxyhydrindone (X) was first 
prepared by Ingold and Pigott (loc. cit.) starting from 6-nitrohydrin- 
done. Perkin and Robinson (J. Chem, Soc., 1907, 94, 1081) were — 
unable to isolate this hydrindone by the action of aluminium chlo- 
ride upon p-methoxyhydrocinnamoyl chloride (IX). We have now 
succeeded in converting the acid chloride directly into 6-methoxy- 
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hydrindone by the action of aluminium chloride in nitrobenzene 
solution in an yield of about 20%. 


\ CH,'CH,"COCI CH, 


—> CH, 
MeO Me0N / сои 


(IX) (X) 


6-Methoxyhydrindone (X) was then converted into the isonitro- 
во compound and the latter into 4-methoxy-2-carboxyphenylacetoni- 
trile which was smoothly hydrolysed to 4-methoxyhomophthalic 
acid (IIT). 


EXPERIMENTAL. 


4:5-Dimethoxyhydrindone was prepared according to the direc- 
tions given by Ruhemann (loc. cit.). It was converted into the 
isonitroso derivative in the usual manner. 

4:5-Dimethoxry-1 :2-diketohydrindene.—The — isonitrosohy drindone 
(10 g.) was mixed with formaldehyde (20 c.c. of 40%) and 
concentrated hydrochloric acid (5 o.c.) and heated to incipient 
boiling while being stirred. The tsonitroso compound passed into 
solution and the diketohydrindene separated as a crystalline powder 
The heating was continued for half an hour, the enisture cooled and 
diluted with water. The precipitated substance was collected, 
washed well with water and dried on the water-bath. It crystallis- 
ed from benzene as yellow powder, m.p. 150° (decomp.). (Found: 
C, 68:9; Н, 4'9. C,,H,,.04 requires C, 64:1; Н, 4'8 per cent). 

4:5 - Dimethozyindenoquinozaline.—1 :2- Diketo-5 : 6 - dimethoxy - 
hydrindene (1 g.) and o-phenylenediamine (0'5 g.) were dissolved in 
hot ethyl alcohol. The crystalline product obtained on cooling the 
solution recrystallised from ethyl alcohol in slender needles, m p. 
192°. (Found: С, 78°2; Н, 5:8. O,,H,40gNg requires C, 78:4; 
Н, 5:0 per cent). 

2 - Carboxy-5 :6-dimethozyphenylacetonitrile.—— 4:5-Dimethoxyiso- 
nitrosohydrindone (5 р.) dissolved in aqueous sodium hydroxide 
(58 c.c. of 10 95) was treated gradually with  toluene-p-sulphonyl 
chloride (7 g.), solution being completed by hesting the mixture 
on the steam-bath for 10 minutes. The cooled solution waa filtered 
and the filtrate acidified with concentrated hydrochloric acid, when 
the carboxynitrile separated, yield 95%. It crystallised from 
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dilute methyl alcohol, m.p. 175°. (Found: С, 59:9; Н, 5'2. 
C,,H,,0,N requires C, 59'7; Н, 5'0 per cent). 

6 :6-Dimethozyhomophthalio acid.—The nitrile described above 
(10 g.) was hydrolysed with aqueous sodium hydroxide (100 с.о. of 
10 96) for 5 hours on & sand-bath. The cooled solution was 
filtered and the filtrate acidified with concentrated hydrochloric acid, 
when б :6-dimethoxyhomophthalic acid was precipitated in an yield 
of 90 %. It is sparingly soluble in opld water but fairly easily 
soluble in boiling water from which it crystallised in long needles, 
melting at 196°. (Found: O, 54'7; H, 5'2. ©C,,H 90g, requires 
C, 65:0; H, 6'0 per cent). 

6-Methoxy-l-hydrindone was prepared according to the method of 
Ingold and Pigott (loo. cit.). 

5-Methoxy-isonitrosohydrindone.—The ketone (5 в.) dissolved in 
methyl alcohol (16 0.0.) was mixed with freshly distilled isoamy] 
nitrite (7 c.c.) and concentrated hydrochloric acid (8 с.с.) and the 
mixture maintained at 50? for half an hour with -vigorous stirring. 
The isonitrosohydrindone separated in almost quantitative yield. 
It crystallised from alcohol in beautiful yellow needles, m.p. 
221° (decomp.). (Found: C, 02:0; Н, 4°6. C,)H,O3gN requires C, 
62°8; H, 4°7 per cent). 

5-Methozy-1:9-diketohydrindene was prepared from the tso- 
nitrosohydrindong gimilarly as 4:5-dimethoxydiketohydrindene. 
It crystallised from benzene in needles, m.p. 162°. (Found: C, 
67:8; H, 4°8. O,9H,O0, requires О, 68:1; Н, 4'5 per cent). 

5.Methozyindenoquinozalino was prepared in the same manner 
as 4:6-dimethoxyindenoquinoxaline and crystallised from alcohol, 
m.p. 140°. (Found: С, 774; Н, 49. ©,,H;,ONg requires C, 
71:4; H, 48 per cent). : 

. 9-Carbozy-0-methozyphenylacetonitrile was prepared similarly 
as 2-carboxy-5 :6-dimethoxyphenylacetonitrile, the yield being nearly 
quantitative. It orystallised from methyl alcohol, in colourless 
needles, m.p. 177°. (Found: C, 62:6; H, 5'0. Со НОМ requires 
C, 62:8; Н, 4'7 per cent). 

5-Methoxyhomophthalic acid.—This acid has been prepared by 
Ingold and Pigott (loc. oit.) by the direct oxidation of Ó-methoxy- 
hydrindone with chromic acid. It is obtained more conveniently and 
in a better yield by the hydrolysis of 2-carboxy-5-methoxyphenyl- 
acetonitrile, m.p. 222°, yield 90%. | 

6-Methozyhydrindone.—This ketone has been prepared by Ingold 
and Pigott (loc. cit.) from the corresponding 6-nitrohydrindone 
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through the amino and hydroxy derivatives. Perkin and Robinson 
(loc. cit.) state that ib is nob formed in any appreciable amount 
by the action of aluminium chloride upon p-methoxyhydrocinna- 
moy! chloride and that it is formed in very small quantities by the 
action of Р.О; on the p-methoxyhydrocinnamie acid in benzene 
solution, After a series of experiments, it was found that 6-methoxy- 
hydrindone could be directly prepared from p-methoxyhydrocinna- 
mic acid in an yield of abeus 20% under the following conditions :— 
Aluminium chloride (10 р.) dissolved in nitrobenzene (50 c.c.) was 
gradually added during half an hour to a solution of p-methoxy-f- 
phenylpropionyl chloride (10 д.) in dry nitrobenzene (20 о.о.) 
(under cooling) and the whole allowed to remain overnight. The 
reaction product was decomposed with water and then subjected 
to steam distillation, when nitrobenzene first distilled over and 
then pure 6-methoxyhydrindone, m.p. 109°. It crystallised from 
alcohol in long needles, m p. 109°. 

0-Methozyisonttrosohydrindone, prepared similarly as 6-methoxy- 
isonitrosohydrindone, crystallised from aleohol in yellow needles, 
m. p. 284? (decomp.). (Found:C, 626; Н, 4'0. O45H$04N requires 
C, 62:8 ; H, 47 per cent). 

6-Methoxydiketohydrindene is very soluble in the ordinary 
organic solvents and crystallised from ether in yellow plates, m. p. 
126°. (Found: С, 68:0; Н, 4'8. Cyo9H,O3 wequires С, 68'1; 
H, 4°5 per cent). | 

6-Methoazyindenoquinozaline crystallised from alcohol in silky 
needles, m. p. 166°. (Found: С, 774; Н, 49. C,54H440Ng 
requires C, 77:4; Н, 4'8 per cent). 

4.Methory-2-carboxyphenylacetonitrile was  prepsred similarly 
as the isomeric 5-methoxy compound. It is more soluble in methyl 
alcohol than its isomer and orystallised in small needles, m. р. 140°. 
(Found: С, 6276 ; Н, 5'0. Cy 9H gO3N requires C, 628; Н, 47 
per cent). 

4-Methozyhomophthalio acid was obtained by hydrolysing the 
above nitrile with aqueous sodium hydroxide and acidifying the alka- 
line liquid with concentrated hydrochloric acid. It erystallised from 
water in small needles, m. р. 188°. (Found: С, 57°5 ; Н, 50. 
O15H1 Ор requires C, 57°1 ; Н, 4'8 per cent). 
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А Synthesis of 2:3-Methylenedioxy-11 :12-dimethoxy- 
tetrahydroprotoberberine, an Isomer of Tetrahydro- 
berberine and a Synthesis of 2:8 :11:12-Tetra- 
methoxytetrahydroprotoberberine, an Isomer 
of Tetrahydropalmatine. 


By ВлтунчрвА NATH |ÜgAERAVARTI AND М. SWAMINATHAN. 


Berberine can be readily degraded to vV-opianie acid through 
berberal (Perkin, J. Chem. Soc., 1890, 87, 1002, Perkin and Robinson, 
ibid., 1910, 97, 321). It was, therefore, thought that it would bea 
matter of interest to synthesise an isomer of berberine by substi- 
tuting ~-opianic acid in place of opianic acid in the Perkin, Ray and 
Robinson synthesis of berberine (J. Chem. Soc., 1925, 127, 740), 
and compare the properties of the two alkaloids. The tetrahydro 
derivative of this isomer should have the constitution (II) as shown 
below : 


MeO MeO CH'COOH 
MeO /N OHO MeO 
Pi 
COOH OH, 
CO SN 
ø О О 
MeO 
OH 
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у.Оріапіо acid being not уеб readily available, this substance 
which may be вава 2: 9-methylene-dioxy-11 :12: -dimethoxytetra- 
hydroprotoberberine was synthesised i in the folowing manner. 

o-Veratraldehyde was condensed with hippuric acid and the 
azlactone hydrolysed to benzoic acid and 2:3-dimethoxyphenyl- 
pyruvic acid; the latter was then oxidised by hydrogen peroxide to 
2:8-dimethoxyphenylacetic acid, which was condensed with 
B-piperonylethylamine and the  '"9:8.dimethoxfphenylaceto- £- 
piperonylethylamide (ПТ) so obtained was converted in an yield of 
over 80% into a syrupy base. ТЫв base which is probably 
6:7-methylenedioxy-1-(2: 8-methoxybenzyl }-8 : 4-dihydroisoquinoline 
(IV) oxidizes rapidly on exposure to air and is readily 
reduced by zinc and sulphuric acid to 6:7-methylenedioxy-1-(2 :8- 
methoxy benzyl)-1:2:8:4-tetrahydroisoquinoline (V), an oily base 
yielding в crystalline hydrochloride and picrate,  Ring-olosure of the 
formyl derivative was effected in the usual manner with phosphorus 
oxychloride and 2 :8-methylenedioxy-11 :12-dimethoxydihydro- 
protoberberine (VI) thus obtained, was immediately reduced фо 
2 :8-methylenedioxy-11 :-12- dimethoxytetrahydroprotoberberine (IT). 





м 
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It would be obvious from the formula (V) that ring-closure can 
tuke place only in one direction and the dihydroprotoberberine must 
have the formula (VI). 

2 :8-Methylenedioxy-11 :12-dimethoxytetrahydroprotoberberine (П) 
is a colourless crystalline base, m.p. 127°. When it is oxidised 
with iodine in alcoholic solution, it yields 2:8-methylenedioxy-11 :12- 
dimethoxyprotoberberinium iodide (VII) from which the correspond- 
ing chloride was prepared. The chloride is decomposed in the usual 
manner by potassium hydroxide giving — 2:8-methylenedioxy- 
11:12-dimethyl.oxyprotoberberine (VIII) and dimethoxydihydro- 
protoberberine (VI) which are readily separated as the former 
is insoluble and the latter soluble in dilute mineral acids. 


CH, CH, 
LAS 
оо оо 








ОН: | CH, " 
I 
(VII) (VIII) 
OMe 
OMe 

MeO CH 

MeO МУ. 

Wis 
N 

СН. 
CH, СН. 

(TX) 


Next 2:8:11:12-tetramethoxytetrahydroprotoberberine (IX), an 
_ isomer of tetrahydropalmatine was synthesised by a method simular 
to that outlined above in the case of (II). 2:8-Dimethoxyphenylace- 
tic acid condenses with 8-veratrylethylamine to yield 2:8-dimethoxy- 
phenylaceto-B-veratrylethylamide (as ПТ) which was converted first 
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into-the dihydrotsoquinoline (as IV), and then the latter reduced 
to 6:7-dimethoxy-1-(2 :3-dimethoxybenzyl)-1 :2 :8 : 4-tetrahydroiso- 
quinoline (as V), an oily base yielding crystalline salts. Ring-closure 
of the formyl derivative was effected in the usual manner with 
phosphorus oxychloride and 2:8:11:12-tetramethoxydihydroproto- 
berberine (as VI) thus obtained was immediately reduced to 2:8:- 
11 :-12-tetramethoxytetrahydroprotoberberine (IX). 


EXPERIMENTAL, 


2 :8-Dimethozyphenylacetic acid.—This acid had been previously 
prepared from 2:8-dimethoxyphenylmandelonitrile (Heinrich and 
Krannichfeldt, Ber., 1913, 46, 4028). This acid is more conveniently 
prepared in the following manner. 

o-Veratraldehyde was condensed with the hippuric acid in the 
presence of acetic anhydride and sodium acetate. The azlactone, 
m.p. 170° thus obtained was hydrolysed by means of 10% sodium 
hydroxide solution and the alkaline solution was then saturated with 
sulphur dioxide, the benzoic acid collected and the filtrate acidified 
with concentrated hydrochloric acid and boiled to decompose the 
bisulphite compound of the pyruvic acid, when 2:8-dimethoxyphenyl- 
pyruvic acid gradually separated in small needles, m.p. 145°. Ii 
was oxidised in cold alkaline solution with hydrogen peroxide. On 
acidifying the solution 2:8-dimethoxyphenylacetie acid, m.p. 84°, 
separated in an excellent yield. It crystallised from petroleum 
ether (b.p. 70-80°) in long beautiful needles. 

2 :3-Dimethoxyphenylaceto-B-piperonylethulamide.—Hquivalent 
quantities of  g-piperonylethylamine and 2:38-dimethoxypheny!- 
acetic acid were heated at 180° for 2 hours. On crystallising the pro 
duct from benzene, 2 : 8-dimethoxyphenylaceto-8-piperonylethyl 
amide was obtained in colourless needles in a good yield, m.p. 108° 
(Found: С, 66:2 ; Н, 6'0. C ,9H,,0,N requires C, 66°5 ; Н, 01 
per cent). 

6:7-Methylenedloxy-1- (2! : 8/-dimethozybensy!)-1: 2: 8: 4-tetrahy 
droisoquinoline.—' The amide (10 р.) was heated with phosphorus 
oxychloride (25 e.c.) for 2 hours on the steam-bath and then kept 
overnight. The mixture was decomposed with cold water and the 
clear solution thus obtained was made alkaline in the presence of 
benzene in а separating funnel, the precipitate formed being imme- 
diately shaken up with benzene. The alkaline solution was once 
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more extracted with benzene. The benzene extrach was again ex- 
tracted with dilute sulphurie acid and the acid solution was reduced 
with zinc dust by heating on the steam-bath for 2 hours till the 
yellow colour disappeared. The solution was filtered hot and decom- 
posed by means of ammonia and the tetrahydro base extracted with 
benzene, dried over potassium carbonate and the solvent removed, 
leaving the base as an oil. The hydrochloride, obtained by dis- 
solving the о] in hot dilute hydrochloric acid and cooling, separated 
in small clusters of needles, m. p. 160°. (Found: C, 02:5 ; Н, 6:2, 
C H340,NCI requires О, 627 ; Н, 6'1 per cent). 

2 : 8-Methylenediozy-11 :12-dimethozytetrahydroprotoberberine 
was obtained in 60% yield by the following method. The tetra- 
hydroisoquinoline was heated with equivalent amount of anhydrous 
formic acid in an oil-bath at 200° for 2 hours, The product was dis- 
solved in toluene and boiled with phosphorus oxychloride for 1} 
hours. After remaining overnight, light petroleum was added and 
the clear liquid decanted from the dark coloured gum, the latter 
extracted with dilute hydrochloric acid (charcoal) and the solution 
of dihydroprotoberberine reduced by heating with excess of zinc 
dust for 2 hours, during which the yellow solution became colourless. 
The hot liquid was filtered, the filtrate decomposed with ammonia, 
the base extracted with chloroform, dried over potassium carbonate, 
the chloroform removed and the residue crystallised from methyl 
alcohol. On recrystallisation from methyl alcohol (charcoal) the 
substance was obtained in beautiful needles, m. p. 127°. (Found : 
С, 705 ; Н, 6 4. Cg o Hg104N requires C, 70:8 ; Н, 6:2 per cent). 

2:8- Meihilitiediosy: 11:12- dire t hóguptototiorbartu tuts todide.— 
2 :8-Methylenedioxy-11 :12-dimethoxytetrahy droprotoberberine (1:5 р.) 
dissolved in aleohol (60 c. c.) containing anhydrous sodium acetate 
(4 в.) was heated to boiling and a 2% alcoholic solution of iodine 
(160 в. c.) added slowly, when the periodide separated. After boil- 
ing for } hour, the whole waè cooled and the crystals collected, 
suspended in boiling water and SO, was passed, when the iodide 
separated in yellow needles, m. p. 252°, 

2 : 8.Methylenediozy-11 :12- dimethozyprotoberberinium chloride 
was obtained by boiling an aqueous suspension of the iodide with 
excess of freshly precipitated silver chloride for 8 hours on the 
steam-bath. The filtrate was concentrated and treated with hydro- 
chloric acid, when the chloride separated as yellow needles, m. p. 
220°. — 
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Оху-9 :8-methylenediozy-11 :19- dimethoztyprotoberberine.—A hot 
solution of the chloride (1'5g) in water (1D с.с.) was added to в 
hot solution of KOH (6 р.) in water (25 o.c.) and the whole heated 
on the steam-bath for 8 hours. The yellow mass which 
separated was collected and extracted many times with boiling 
dilute hydrochloric acid. The insoluble residue crystallised from 
glacial acetic acid containing an equal volume of water as light 
yellow needles, m. p. 280-81°. (Found: C, 681; Н, 59. 
Cao H,,04N requires C, 68-4; Н, 4:8 рег cent). | 

On basifying the hydrochloric acid extract, the dihydroprotober- 
berine was precipitated. This substance is being further examined. 

2:8-Dimethozyphenylaceto-B-veratrylethylamide was prepared 
by heating together equivalent quantities of 2:8-dimethoxy- 
phenylacetic acid and f-veratrylethylamine in ап oil-bath at 180? 
for 2 hours. The product crystallised from benzene in colourless 
needles, m. p. 181°. (Found : C, 66:8 ; Н, 7:0. Og oH g,0,N re- 
quires С, 66'0 ; Н, 6'9 per cent). 

6 :7-Dimethoay-1-(2! :8/-dimethozybensyl)-1: 2:8 :4-tetrahydroiso- 
quinoline.—The amide (10g) was heated with phosphorus oxy- 
chloride (26 с.с) for 2 hours on the steam-bsth and then kept over- 
night. The mixture was worked up in the same manner as in the 
previous ease. The tetrahydro base was obtained as an oil which 
gave а crystalline hydrochloride, га, p. 204°, separating from dilute 
HCl in nodules.” (Found : О, 68:0; Н, 76. Cg .Hg,0,NCl 
requires О, 68°2 ; Н, 7:8 per cent). 

2:8:11:12-Tetramethozytetrahydroprotoberberine.—(i) The tetra- 
hydroisoquinoline was condensed in the presence of sodium 
bicarbonate with formaldehyde in methyl aleoholic solution. The 
condensation product which separated as a gum on the addition of 
water and some salt, was dissolved in concentrated hydrochloric acid 
and heated on the steam-bath for afew minutes. The acid solution 
gave with ammonia & base which crystallised from methyl alcohol in 
beautiful prisms, m. p. 168°. 

(ii) This base was obtained in a better yield by the following 
method. The tetrahydroisoquinoline was heated with an equivalent 
amount of anhydrous formic acid in an oil-bath at 200° until efferve- 
scence had ceased (2 hours). The product was dissolved in toluene 
and boiled with phosphorus oxychloride for 14 hours. After remain- 
ing overnight, light petroleum was added and the clear liquid 
decanted from the dark ooloured gum, the latter extracted with dilute 
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hydrochloric acid (charcoal) and the solution of dihydroprotoberberine 
reduced by heating with excess of zinc dust for 2 hours on the steam- 
bath, when the yellow solution became colourless. The hot 
liquid was filtered and the filtrate decomposed with ammonia, the 
base extracted with chloroform, dried over potassium carbonate 
the chloroform removed and the residue crystallised from methyl 
alcohol. On recrystallisgtipn from methyl alcohol, the substance 
was obtained in beautiful prisms, m. p. 168°, The mixed melting 
point of the products obtained by the two methods remained un- 
depressed. (Found: C, 70'8 ; H, 7'1. Cy,H,,0,N requires О, 71:0 ; 
Н, 7:0 per cent). 
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On the Study of Polyhalides. Part III. 
| Ву Susi, Kumar Ray. 


Various attempts have been made to determine the equilibrium 
relations existing between thé polyhalides and their constituents in 
order to determine their constitution. That a tri-halide, such аз 
that of potassium, barium, etc., may exist in solution is generally 
accepted. Many of the polyhalides, specially of the heavier alkali 
metals, have also been separated in the solid state. From measure- 
ments of conductivities, viscosities, migration numbers, distribution 
coefficients and other properties, usually over very limited range of 
concentrations, various authors have obtained indications of poly- 
halides to which, on more or less satisfactory grounds, they have been 
able to assign definite formule. References to the literature of the 
polyhalides of the alkali metals were given in the first part of this 
work (Ray, J. Indian Chem. Soc., 1982, 9, 869). In order to obtain 
quantitative information of various polyhalides with different 
cations under the same condition and over a much wider range of 
concentrations of components than has yet been recorded, the present 
investigation was undertaken. The formation and dissociation of 
the chloro-dibromides, chloro-diiodides, bromo-diiodides and poly- 
bromides of sodium, potassium, strontium, barium, zino and cad- 
mium were studied at the temperature of 80° by the method of 
solubility. 

The pure halide of definite concentration was shaken at a tem- 
perature of about 85°, with excess of iodine in well stoppered glass 
bottles for about 12 hours. It was then shaken in a thermostat kept 
at 80° until equilibrium was attained. Solutions were drawn off into 
pipettes through cotton wool plugs, any iodine removed by reaction 
with the cotton being negligible. Iodine was estimated by titration 
with N/100-sodium thiosulphate solution. The solubility of bromine 
in aqueous solutions of halides of different strengths was determined 
by shaking up excess of bromine with these solutions, contained in 
stoppered bottles as in the ване of iodine. The bottles were shaken 
mechanically for 12 hours in a thermostat at 80°. The dissolved 
bromine in the solution was estimated indirectly, samples being 
removed by means of a pipette, introduced into excess of concentra- 
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ted potassium iodide solution and titrated with N/2-sodium thiosul- 
phate solution. Special precautions were taken to prevent апу loss- 
of bromine during transference. Any change in the solubility of 
halogens in presence of different cations was neglected. 

From the enhanced solubility of the halogens in the solutions of 
the chlorides and bromides of sodium, potassium, strontium, barium, 
zinc and cadmium, there appears to be little doubt that the increased 
solubility is due to combination of part of the dissolved halogen with 
the formation of polyhalides of the metals. Attempts to apply the 
mass action law in systems like these cannot be expected to succeed 
and there seems no reason to suppose that the formation of any one 
polyhalide represents the sole action at any particular concentration. 
However, in the cases of the chloro-dibromides and bromo-diiodides, 
over & certain range of concentrations, the values of the equilibrium 
constants calculated on the assumption that tri-halides are formed, 
are found to be fairly constant. The values of the equilibrium 
constants in the case of tri-bromo ions were always found to vary, 
the amount of bromine dissolved in these cases is much greater than 
that required for the formation of tri-bromo ions, specially in the 
more concentrated solutions of the bromides. Presumably in these 
cases higher polybromides, Br,', Br,’, etc., are formed. Moreover, 
it appears that the tendency of the formation of higher polyhalides 
is the greatest in the case of polybromides and polyiodides as well. 
Further it will be seen from the values of the equilibrium constants 
that in thé cases of the chloro-dibromides and chloro-diiodides of the 
alkali metals, the values remain constant only in dilute solutions, 
and diminishes greatly with increasing concentrations of the halide. 
The assumption of the formation of the tri-halides in these cases is ' 
only tenable over a very limited range of halide concentration above 
which higher polyhalides are also formed to в more or less extent. 
The values in the cases of the polyhalides of the divalent strontium, 
barium, zine and cadmium are peculiar in as much as they remain 
constant only in fairly concentrated solutions, increasing to a very 
great extent with decreasing halide concentration. The values salso 
show an increase in very concentrated solution as is evident from 
the Table VI. The cases of the divalent elements are somewhat 
complicated by the fact that in their cases the dissociation takes 
place by stages as suggested in Part II of this series (Ray, 
J. Indian Chem. Soc., 1988, 10, 213), ав well as to the effect of 
hydrolysis of the halides on dilution. 
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The values of the equilibrium constants of the different poly- 
halides obtained by other investigators аз well as by the author by 
different methods will be found in Part П of this work (loo, oit.). 


The Formation of ClBrg Ions. 


ae TABLE І. 


Formation of NaOlBrg. Formation of KCIBry. 











Conc. of the Solubility of Br Equilibrium Solubility of Br . Equilibrium 
halide'in in g./10 c.c. sat. constant К. in g./10 с.о. constent К, 
normality. solution. | sab. solution. 

9 0'8187 1'812 0*9054 1'109 

2 | 0°7485 1°47] 0°8287 1°477 

da ns 0°5699 l'b44 06078 1'821 

0°5. . 0°6057 2'414 0'5287 2'912 

0°95 04802 ^ 9184 04501 8:597 

0'125 0°8774 8'188 0'3855 8795 

0°0625 0'8460 8*143 0°8501 8*758 

0'0 0'8128 — 0:8128 — 

= Ld Ф 
Tasis II. 
Formation of Br, OIBry. Formation of Ba, OlBry. 
Qono, of the Solubility of Br Equilibrium Solubility of Br Equilibrium 
halide in in g./10 с.с. sat. constant К. in р. /10 o.c. constant K. 
ncrmality. solution, sat, solution. 

2 07401 2'176 0*7708 2'424 
1-5 0°6889 2159 _ 06984 9:860 
1 0°5886 2°141 0°6208 2'421 
0'5 Q'4714 2°258 0°4772 2°826 
0°25 074020 2'216 0°4005 2'258 
0'126 08615 2:800 0°8808 4'211 
0'0895 08471 8:064. 0:8600 7:589 
0:08195 0°8826 4'109 0:8428 12°98 
oo — 0°8128 — 0:818 — 
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TABLE ПТ. 


Formation of Zn ОІВ. 





E 


aum mne mem — 
Conc. of the Solubility of Br Equilibrium 
halide in in g./10 0.0.88. ^ constant К. 


normality. solution. 
2 0°6102 1°750 
1'5 0*5669 1°786 

A — оюм 189 
0°5 0'4395 . 1'848 
0°25 0'8801 1'888 
0:195 08690 1:019 
0°0625 0°8840 1'908 
Q0 ^ 0"8198 — 





Solubility of Br 
in g /10 c.c. sat. 


solution. 
04813 
04990 
04085 
0.8765 
0°8587 
08410 
08301 
0:8198 


—- 


* * The Formation of ОП» Ions. 


Taste ТУ. 


Formation of МаОЦ.. 





Conc. of the Solubility of I  Hquilibrium 


halide in in g./25 ac. constant К. 
normality. sat. solution. 
3 o. 0 08268 1'455 
2 0'08077 1:542 
1 0`02244 р 1'881 
0-6 0'01671 1:894 
0:25 001852 1'804 
0125. 0*01188 1:827 
0°0625 0°01004 1°868 
oO 000991 = 


mM 9 +- 





Formation of са, C1Brs. 





Equilibrium 

constant K. 
2°008 
27048 
9042 | 
2'030 


Formation of КОП. 


Solubility of I 
in g./25 о.о, 
sat. solution. 


008448 
003120 
002304 
001819 
001486 
0'01206 
001178 
000891. 





— € À—À 


Equilibrium 

constanb K, 
1:201 
1'492 
2°078 
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Tass V. 


Formation of Sr, OH. | Formation of Ba, Olly. 


A „= 














Cone: ofthe ^ Solubility of I Equilibrium ^ Solubility of L Equilibrium 
halide in in g./25 c.c. constant К, in g./98b с. c. constant K, 
normality. sat, solution. ваф. solution. 

2 002576. . 1768 002614 1:886 
1-5 > 0°02818 1717 002889 l'857 
1 002017 1780 0-02114 1'908 
06 001809 1:915 0-01678 9118 
0-95 0-01888 2248 0*01598 9914 
0196 — 001221 9-458 0701996 8'272 
0-0695 20-01194 9718 0°01187 9408 
0:0. 0-008886 — 0'009896 — 

_ Tasa VI. 

Formation of Zn, ОҢ. Formgtion of ба; Olg. 

Conc. of the Solubility of I Equilibrium Bolubility of I Equilibrium 

LE Бы. CUM ШОШ ч 
. 6 _ _ 009948 9:843 O-01811 _ 8.815 

E 009771 2180 0701748 3841 
9 0-02157 1620 0°01488 1:671 
1-5 001969 1'508 001411 1:659 
1 001744 1496 001830 1:669 
0% 00141 1:616 001981 1714 
0°25 0`01988 1°988 001907 9958 
0195. 001199 3808 001168 3119 
0°0626 0°01119 2'601 001091 8049 
0'0 0009888 p 0009886 = 
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The Formation of Bri, Ions. 


` TABLE УЦ. 
Formation of М№Вгі;. Formation of KBrly. 
Gono. of the Solubility of I ^ Equilibrium Solubility of I Equilibrium 
balide in in g./25 с. o. constant К. in g./25 c. c. constant К. 
normality. sat. solution. sat, solution. 
4 0*8257 17598 " ' 08608 16:97 
А | 0:2580 15-87 02818 14:94 
2 01911 14°74 01988 18:95 
1 071078 18:86 0`105В 12°47 
05 0:06107 18°70 0'05959 19:48 
0°25 008698 18:76 0"08015 12-49 
07185 009457 14-28 002875 18:08 
0:0695 0"01865 16°54 | 0017850 13-96 
0*0 0°00991 — 0'00991 — 


Solubility of iodine in various concentrations of sodium bromide 


and potassium bromide at 25° was studied by Bell snd Buckley (J. 
Amer. Chem. Sog., 1912, 84, 10). Э 








Tasis VIII. _ 
Formation of Br, Bris. Formation of Ba, Bris. і 
бово. of the Solubility of I Equilibrium ‘Solubility of I  FEquilibrinm 
halide in in g./25 с.о. constant K. in g./25 o. c. constant K. 

normality. ssb. solution. gat, solution. 

2 071606 15°57 01501 14:69 

1:5 0'1898 15:40 0°1270 1404 

1 0*1051 15-60 00958 14-79 

0'5 0706399 15:87 006004 157 

0-25 0*03888 15-88 008806 15°77 

0125 002892 16°50 0'02523 15:99 

0'0625 0°01852 16°82 0°01895 16°08 

0'0 | 0°009886 in 0*009836 Е | 
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я 2 |. Tame IX. 
Ее Suec & Formation of Cd, Bris. 
Cono. of the halide ee Ко 
in normality К У ым olation. р Equilibrium constant К. 
2 ZI 0-4898 18°16 
1 -= 04050 17°46 
0°б А e • 08080 1749 
0'25 o0. 7.7 99808 , 17-68 
0°195 0'1844 17°73 
00625 01501 18°62 
0'0 0'0991 


Solubility of Bromine in Bromide Solutions. 


From the solubility of bromine in the solutions of the bromides 
of sodium, potassium, strontium, barium and cadmium, the formation 
of the tri-bromides of the metals cannot be confirmed; the values 
of the equilibrium constants are found to vary to a great extent 
even in very dilute solutions, while in concentrated solutions the 
amount of bromine dissolved is much greater than that required for 
the formation of the tri-bromides. In the fairly concentrated solu- 
tions, on the other hand, the values of equilibrium constants, calcu- 
lated on the assumption of the formation of the, pepta-bromide, are 
found to give a better result though the values are never constant. 
It is assumed that in these cases, а mixture of both tri-bromides 
and penta-bromides and even some higher polybromides are always 
forméd to a more or less extent. 


TABLE X. TABLE XI. 
Solubility of bromine in NaBr and , Solubility of bromine tn BrBrg 
KBr. and BaBrg. 
Conc. of the Solubility of Br in g./10 с.о. | Oonc. of the Solubility of Br in g./10 c.c. 
halide in sat. solution of halide in sat. solution of 
normality. normality. 
NaBr. KBr. SrBry. BaBry. 
47 8'127 — a 8-024 8*181 
8 4.881 6:018 1'5 2*506 Q*697 
2 8.458 4117 1 9:009 2:111 
1 1:150 2*081 0°$ 0'9795 1:084 
05° 07825 1'144 0-25 07008 0.7114 
095 0°5187 0'7518 0125 0°4871 0°4410 
0°125 0'4089 05201 00685 0'8885 0-8901 
0°0695 — 04858 00 03138 08198 
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The solubility of bromine in NaBr of various strengths at 25° 
was Studied by Bell and Buckley (loc. oit). The solubility of bromine 
in KBr was studied by the following investigators. 


Temp. Authors. Reference. 
0° and 25° Boericke Z. Electrochem. , 1905, 14, 87 
18:5* and 265° Worley J. Chem. Soo., 1905, 87, 1107 
й J en 
0 10008 ant, Amer, Chom, Boo., 1916, 87, 241 
TABLA ХП. 


Solubility of Bromine т CdBro. 
Conc. of the halide (М) 2 1 0°8 0°26 0195 0°0625 0:0 


Solubility of Brg Е. [рег 
n. 


10 с.с. gab. BO 1:819 1'008 0:8674 0°5845 0°4656 0°4295 > 0'8198 


It will be seen from the preceeding tables that the values of the 
equilibrium constants of any particular polyhalogen ion vary with the 
nature of the cations as pointed out in Part II of this work 
(loc. cit.). The order of variation as previously found in the cases of 
sodium and potassium is also found to be the same in the present 
investigation. ‘he tases of the divalent elements strontium, barium, 
zino and cadmium are also found to be analogous to that of the 
monovalent elements, sodium and potassium. Here also the volume 
of the cation plays the same part in governing the reaction ; zinc 
having the least of ionic radius exerts the greatest influence and 
barium with the greatest radius have the least effect. But there 
appears to exist no relation between the monovalent and the divalent 
series. The value of the equilibrium constant of NaCIBrg is greater 
than the corresponding value of Ba, ClBrg ; the icnic volume of ba- 
rium being greater than that of sodium, the reverse was expected in 
their cases. This anomaly is to be attributed to the doubly positive 
charge on the barium ion, the increase of charge being much greater 
than the increase in radius, the attracting force is much more pro- 
nounced in the case of the doubly charged divalent elements. 

The constitution of these polyhalides is a matter of much contro- 
versy. From the electrical conductivity and the lowering of the 
freezing point as shown by Schmidt (Z. anorg. Chem., 1895, 9, 
481), Sullivan (Z. physikal. Chem., 1809, 28, 528), Jakovkin (ibid., 
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1894, 18, 589) and Ephraim (Ber., 1917, 80, 1069) it was suggested 
that the constitution agrees.with the assumption that the tri-iodides 
are the salts of hydrotriiodio acid, НІ,, with tervalent iodine atoms: 


T à 
3 >- 
I 


Werner (''Neuve Anschaungen auf dem Gebiete der anorganischen 
Chemie", Leipzig, 1918) regards the tri-halides as addition compounds, 
вс that the tri-halide ВІСІ, becomes ата | В, dichloro-iodates 
on his system of nomenclature. The penta-halides are tetrachloro- . 


iodates analogous to the chloroaurates: 


| Cl Cl 
[а ax. ot | a.i. a] 
Cl Cl 


Werner says that the hepta and ennea halides can be explained on 
ihe assumption that the co-ordinated positions are -occupied by iodine 
molecules. Тһе non-existence of the tri-chlorides, after Werner '' is 
to be attributed to chlorine being unable to act as a central atom”. 

According to Ephraim ('"Text Book of Inorganic Chemistry”, Eng. 
Trans., 1926, p. 260) the constitution of these polyhalfdes is mot very 
claar. The iodine molecule may be added on to the iodine ion as 
indicated thus: І (I), or the additional iodine may be more closely 
attached to the metal thus: 


This formula according to him does not indicate an increase in valency 
of the metal but only а subdivision of its valency. It was also sug- 
gested by him that the property of forming polyiodides is connected 
with the volume of the cation. 


None of these formulae explain the general properties of the poly- 
halides, specially the extreme unstable nature of many of them. The 
singlet electron lmkage as suggested by Cremer and Duncan (J. Chem. 
Soc., 1988, 181) explains to a certain extent the unstability of 


6 


m 
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these compounds but the singlet electron linkage theory itself is cone 
troversial and in these series of compounds seems to be inadmissible, 
It is unlikely that the original stable linkage between the atoms of the 
halogen molecule should be ruptured and a new rather unstable bond 
should be formed in its place as is required by the assumption of 
Oremer and Duncan (loo. cit.). The author is of the opinion that in 
these compounds the union is of an electrostatic nature, the charge on 
the halogen ion causes в displacement‘ ої the positive and negative 
charges in the neutral] halogen molecule, so that it becomes polarised; 
the two being held together by the electrostatic attraction between the 
' negative charge on the halogen ion and the induced opposite charge on 
the neutral molecule as suggested in Part II of this work (loo. cit.). 
This conception of the electrostatic combination explains the 
unstability of these compounds satisfactorily while it is the only as- 
sumption that can-explain the influence of cations on the reactions 
leading to the formation of the polyhalides (Ray, loc. cft.). 


SUMMARY, 


By means of solubility, the formation of polyhalides of sodium, 
potassium, strontium, barium, zine and cadmium have been confirmed 
and their dissociation constant at 80° determined and the constitution 
of the polyhalides bes been discussed. 

My grateful thanks are due to Prof. P. Б. Ray of the University 
College of Science and Prof. A. Maitra of the Presidency College for 
the kind interest they took in the work. 
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Compounds of Hexamethylene Tetramine with Complex 
Cobalt Salts and the Nature of Residual Affinity. 


By PrrvapARANJAN НАУ AND MANINDRAGHANDRA BAKSHI. 


Hexamethylene tetramine has been found to combine with a large 
number of salts and acids, both simple and complex, to form mole- 
cular or additive compounds. Several investigators have worked on 
the subject and a complate reference thereto will be found in Ray and 
Sarkar’s paper (J. Chem. Sob., 1921, 119, 890). The substance has 
also been employed as в microchemical reagent (Vivario and 
Wagennar, Pharm. Weekbl., 1917, BE, 157; Z. anal. Chem., 1919, 58, 
228 ; 1925, 67, 208). Ray and Sarkar (Mikrochem. Emich Festschrift, 
1930, p. 248) have already, shown that magnesium and other alkaline 
earth salts readily give with several complex metallic cyanides and 
urotropine characteristic orystals, suitable for microchemical identi- 
fication of the corresponding alkaline earth element. The composi- 
tion of these compounds thus formed was not determined by the 
authors. In the present paper the preparation, properties and the 
composition of the molecular compounds, formed by urobropine with 
several simple and double salts of thiosulphato-pentacyano-cobaltic 
acid, have been described. The alkali and alkaline earth salts of 
this acid have been prepared by Råy and his co-workers (J. Indian 
Chem. Boc., 1927, 4, 825 ; 2, anorg. Chem., 1981, 199, 858). The 
compositions of the compounds prepared, together” wifh those of the 
original salts, are given in Table I. | 


у 


TABLE I. 
Xe [(CN),.Co. 850, |!” and B=C HN, 

Original salt. Compounds with urotropine, Dif. in H40 mols, 
BaX, 7°5 H30 ВезХ, 1'6B, 4-5 НО _8 
SryX, 35 НО BryX, 2B, 7H40 8:5 
ОХ, 8 НО 024X, 2B, 8H,0 0 
Мах, 95 H0 MgX, ЗВ, 12 НО 2:5 
LiX, 4 НО Li,X,2B,8 HO - 4 

es ВаК;Х, 1'5B, 1:5H340 ER 
€ BrE$4X, 1:5 B = 


= Oak,x, B,7 Ню 
— MgE4X, 3B, 2°5 H40 Ее 
— Li,K,X, 2B 
— Ba(NH4)4X, 1'5B, 4:5 НЮ = 
— Sr(NH,),X, L'5B, 2 H40 е6 
es Ca(NH44X, B, TH40 z 
— Mg(NHyhyX, 1°5В, БНО m 
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The double alkali-alkaline earth salts of the complex acid have 
not been described ; but the addition of urotropine to a solution of 
the alkali salt of the complex acid in presence of any alkaline earth 
salt precipitates the compounds of the double alkali-alkaline 
earth salt of the complex acid with the base. Similar compounds 
of urotropine with complex ferro- and ferricyanides have been des- 
eribed by. Barbieri (Gassetta, 1980, 60, 229). The composition of 
these compounds as well as of the original tomplex cyanides are also 
shown below. | 


TABLR П. | 
X = [Fe(CN)4] and B=C H N4. 


Original salt. Compounds with urotropine. Diff. in HgO mols.  ' 

MgsX, 10930 Mg,X, B, 12530 | д 

MgE4X МЕК;Х, B, 8H,0 8 

Mg(NH)X Mg(NH4sX, B, 10H40 10 

MgNa4X MgNagX, B, 9H,0 9 

BryX3, 14H40 SrsX3, 4B, 20H40 6 

Br(NH4)X, 8H,0 Sr(NH,)X, 2B, 6H,0 ` 8 

ВгЕХ, 9H40 „ „ SEX, 2B, 60 PEL а 

Ca4X4, 12H40 Ca4X3, 4B, 20H30 8 

CaEX, 8H,0 И ОвЕХ, 2B, 6H,0 8 

Bag Xs, 20H40 BasXq, ЗВ, 18H40 —9 

KX | KX, В, Но = 9 Ráy & Sarkar 

(loc. ctt.) 


E300(0N), K400(0N)$, B, 6°5 Б.О 6°5 


An examination of the composition of these compounds with those 
of the original salts reveals many interesting features regarding the 
nature of secondary valencies as exhibited in these molecular com- 
pounds. In most cases it will be observed that the capacity for 
association with water molecules for any particular salt increases 
after combination with hexamethylene tetramine, though one would 
naturally expect that the satisfaction of residual valencies by the 
addition of the latter would reduce the number of water molecules in 
the products formed. The point of association of the hexamine mole- 
cules, or, for the matter of that, of - water molecules, in the addition 
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compounds cannot, therefore, be définitely localised. Thus, for example, 
potassium ferricyanide and hexantine both crystallise out from water 
in the anhydrous stabe. But when mixed together, they form the 
addition compound of the formula KgFe(ON)g,C cH, 4N4,9H40. 
If we assume that the water molecules are attached to the 
positive ion, the point of attachment of the hexamine molecules 
becomes indefinite. It cannot be attached to the central atom of the 
anion which is co-ordinativély saturated. Barbieri, (loc. cit.) therefore, 
suggests that the hexamine molecules do not associate directly with 
the anions or cations, but combine with the salt by an indirect 
secondary valency in the sense meant by Werner and Weinland. 
Nor there is any justification to assume that the water molecules 
are attached to the positive ion or even to the hexamine molecule, 
83 both the original salt and urotropine are anhydrous. Similar argu- 
ments apply equally to the cases of other compounds, where the 
addition of hexamine raises the water content of the product. The 
only plausible interpretation under these circumstances is that the 
hexamine molecules, which very likely possess fairly well developed 
dipole moments like ammonia, are held by electrostatic attraction to 
the positive and negative ions of the salt. This may, under certain 
circumstances, give rise to an alteration in the electrical field around 
the ions, whereby their capacity for associating dipole molecules of 
water is increased. In other words, both hexanyine and water 
molecules are held simply by electrostatic attraction of the ions of 
the salt ; no secondary valency of directional character, consisting 
of shared electrons as suggested by some, takes any part in the 
formation of these molecular or additive compounds. 


EXPERIMENTAL, 


Compounds of Urotropine with Simple and Double Balts of 
Thiosulphato-pentacyano-cobaltic Acid. 


Barium salt and urotropine.—A moderately strong solution of 
nexamethylene tetramine was added drop by drop to a concentrated 
solution of thiosulphato-pentacyano barium cobaltiate with constant 
stirring in the cold (0°). Beautiful golden yellow crystals readily 
separated out. The crystals were filtered, washed with 10% urotro- 
pine solution and then with aqueous alcohol (1:1), and finally with 


^ 
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absolute alcohol. These were then dried in the air. The crystals 
readily dissolve in water giving orange.ooloured solution. (Found: 
N, 17:54; Ba, 81:12; Co, 6:08. Ba[(CN)s 00'830], 1° (ОН Nas 
4°5НоО requires N, 17°77; Ba, 3177; Co, 6°8 per cent). 

Strontium salt and urotropine.—A slight excess of saturated 
solution of hexamine was added little by little with constant stirring 
to the solution of strontium salt of the complex cobaltic acid. The 
compound was obtained as a yellowish erystalline pregipitate which 
was then drained, washed and dried as in the previous case. The 
crystals are very soluble in water, and, when examined under the 
microscope, appear as rectangular priams and bars. (Found: N, 20°46; 
Со, 6°7; Вг. 19°86. Bra [(ON)54'Co'8503], 2 (СН) №4, 7H,0 requires 
М, 20°68; Co, 6'7; Sr, 19°86 per cent). 

Calcium salt and urotropine.—The substance was prepared from 
a saturated solution of the calcium salt and в moderately concen- 
trated solution of hexamine in the same way as the previous com- 
pounds. The pale yellow crystals separating were filtered, washed 
and dried as before. The crystals are very soluble in water and 
appear as plates and crosses under the microscope. (Found: N, 22:28; 
Ca, 10°01; Оо, 7:88. Оа, [(СМ№) ;'Со'8.0,], 2(CH4)gN,, 8H,0 re- 
quires N, 22°68; Ca, 9°94; Co, 7:88 per cent). 

Magnesium salt and urotropine.—The substance was prepared 
from a concentyated solution of thiosulphato-pentacyano magnesium 
cobaltiate and a moderately strong solution of urotropine as in the 
case of previous compounds. The double compound was obtained 
as a light-yellow crystalline precipitate. The crystals were washed 
and dried as usual. (Found: N, 91:5; Co, 0:99; Mg, 6:85. 
Mga[(CN),'00:8,05], 2(OHg)N, 12H,O requires N, 21°41; 
Co, 6:04; Mg, 5°76 per cent). 

Lithium salt and urotropine.—The — thiosulphato-pentacyano 
lithiumcobaltiate was dissolved in the least amount of water. It 
was cooled in ice, then to this was added drop by drop a saturated 
solution of urosropine with constant stirring until the hexamine was 
in slight excess. The mixure was afterwards treated with 2-8 drops 
of alcohol. The crystals separated were drained, washed ab first 
with 50 % alcohol, then with absolute alcohol and finally, 
dried in air. The light-yellow orystalline substance appears as 
bushes of needles under the microscope. (Found: №, 24'27; Co, 7°75; 
Li, 8°78. Li,[(ON),°Co'S,03], 2(CH,),N,, 8 Н.О requires N, 
24:2; Co, 7:88; Li, 8°81 per cent). 
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Barium potassium salt and urotropine.—A saturated solution of 
thiosulphato-pentacyano potassium cabaltiate (6 g.) was mixed with 
requisite amount of barium chloride (1°28 g.) and a little potassium 
chloride (0'2 р) solution. On adding urotropine solution to the mixture, 
while constantly stirring, a light-yellow crystalline substance separated. 
It was drained, washed with aqueous urotropine (5%) until free 
from chloride, then with 5% alcohol and lastly with absolute 
alcohol. Thesubstance whs'finally dried in air. It is less soluble 
in water than the pure barium compound. When examined under 
the microscope, it was found to consist of octahedral crystals. (Found: 
М, 20°57; Ba, 18:28; Co, 7°85; К, 10°88. BaK,[(CN),‘Co’S8,0s], 
1'6(CHa)gN,, 1°6HgO requires М, 20°45; Ba, 18:2; Co, 7'88; К, 10:86 
per cent). 

Strontium potassium salt and urotropine.—Thiosulphato-penta- 
cyano potassium cobaltiate (8 g.), strontium chloride (0°5 g.) and a 
little potassium chloride were dissolved in the least quantity of water. 
The solution was then treated drop by drop with a concentrated 
solution of hexamine in slight excess. Yellow crystals of the double 
compound separated at once. These were filtered, washed and 
dried ва in the previous case. The crystals appeared octahedral 
in shape under the microscope. (Found: N, 28:2; Co, 8°72; K, 11:55; 
Sr, 1204. SrK4[(CN),:00' 8505], 1'50(OHg9)gN, requires N, 22:8; 
Со, 8'71; К, 11:62; Вг, 12'94 per cent). EE 

Calcium potassium salt and urotropine.—Caloium chloride (1 g.), 
the complex potassium salt (6 g.) and potassium chloride (0'5 g.) 
were dissolved in the least quantity of water. The mixture was 
placed in ice, and urotropine solution was added to it drop by 
drop with constant stirring until it was in slight excess. Light 
yellow crystals separated at once. It was filtered, washed and 
dried as before. The orystals, under the microscope, appear as 
rhombohedral plates. (Found: М, 18:54; Са, 5'9 ; Co, 8°66; К, 
11:46: Сак, [(CN)4;Co: 8,03], (OHg)gN,, 79,0 requires N,18°4; 
Ca, 5°88; Co, 8°61; K, 11:88 per cent). 

Magnesium potassium salt and urotropine.—The complex 
potassium salt (4 д.) was dissolved in the least amount of water ; 
requisite amount of МрВО, (1 р.) and a little КС! {0'5 в.) were 
added to this solution. The cooled solution was mixed with uro- 
tropine while being constantly stirred. · The substance separated 
out im yellow crystals. These were then dried and washed as before, 
The crystals appear as bushes of needles under the microscope, 
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(Found: N, 2478; Co, 8'04;. K, 1069; Mg, 8:58, 
МЕК, (СМ), :Со'8.0,], 2(CHg)gN,, 2°5 HO requires М, 2497; 
Co, 8:08; K,10°7; Mg,9:B8 per cent). 

Lithium potassium ва and urotropine.—A mixture of 5'4 g. of 
thiosulphato-pentacyano potassium  oobaltiste, 0'12 g. of lithium 
chloride and . 0'6 g. of potassium chloride was dissolved in the least 
amount of water and filtered. The clear filtrate was treated in the 
cold with a concentrated solution of urotrdpine in sligh excess. The 
yellow crystalline precipitate formed was filtered, washed and 
dried as usual. The crystals appeared under the microscope 
octahedral in shape. (Found: N, 26°67; Co, 8'88; K, 11°49; Li, 
2:08. Т.Б. КСМ), `Со'В,0,], 2 (CH,),N, requires №, 27°0; Co, 
8°76; K, 1169; Li, 2:08 per cent). 

Barium ammonium salt and итоіторіпв. —The complex ammo- 
nium salt (4 g.), BaClg (0'5 в.) and NH,Cl (0'2 р.) were dissolved 
in the least amount of water. The mixture was cooled in 
ice and mixed with a little excess of а concentrated solution of 
hexamine with constant stirring. Beautiful golden yellow crystals 
separated readily. These were filtered, washed and dried as in the 
previous osses. The compound is very soluble in water, and appears 
as prismatic rods under the microscope. (Found: М, 23°71; Ba, 17°95; 
Со, 7775. Ва(ҸН,).[(СМ№), Co 6,03], 1 5(CHg)gN, 45H,0 
requires N, 28:71; Ba, 17:94 ; Co, 7°71 per cent). : 

Strontium ammonium salt and urotropine.—The substance 
was prepared in the same way as the previous compounds from the 
complex smmonium salt, ammonium chloride, strontium chloride 
and hexamine. The substance, which consists of light yellow 
crystals, is extremely soluble in water, and appears under the 
microscope аз rhombic plates. (Found : М, 26°74; Co, 8°74; Br, 
12°88. Sr (МН,), [(CN);,° Co’B, О. |, 1:5 (CHa), N4, 29,0 requires 
№,27:1; Co, 8°80; Sr, 18°05 per cent). | 

Calcium ammonium salt and urotropine.—The compound was 
prepared from the complex ammonium salt, ammonium chloride, 
calcium chloride and urotropine in a way similar to that of 
the previous compound. The light-yellow orystals obtained were 
washed and dried as usual. Under the microscope the crystals 
appear octahedral in shape. (Found: М, 28°01; Ca, 6°20; Co, 8:06. 
Ca&(NH4)S[(CN)5:00:85,05], (CHg)gN,, 79,0 requires N, 28°95; 
Ca, 6°22 ; Co, 9:12 per cent). 
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Magnesium ammonium salt and urotropine.—The substance was 
prepared from the complex ammonium salt, magnesium sulphate, 
ammonium sulphate and urotropine. ‘The details of the preparation 
are identical with those of the previous compound. The yellow 
erystals obtained were filtered, washed and dried as before. These 
appear to consist of tetragonal plates under the microscope. (Found: 
N, 27°82; Co, 8:85; Mg, 8:66. Mg(NHJg[(CN)4:Co: 850,4], 
l'5(CHg)gN4, 9H,0 requite8. N, 27°58; Co, 8°92 ; Mg, 8°67 per 
аел). 


— 
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- Studies in the Coagulation of Colloids. Part VII. 
.. Some Anomalous Variations of Viscosity “uring 
the Coagulation of Ferric Hydroxide and 
"M Antimony Sulphide Sols. 


: By ЕЕЕ BARVOTTAM J OSHI AND А. B. NANJAPPA. 


- - In previous parts of this series (Joshi and Viswanath, J. Indian’ 
Chem. Вос., 1988, 10, 829; Joshi and Menon, ibid., 1988, 
16, 599) № was shown that an initial diminution followed 
by а rise of viscosity, and the existence of breaks in the 
viscosity—-time curves were the conspicuous features of “the slow 
‘coagulations of arsenious sulphide and gelatine sols (both when free 
and mixed together) in the presence of-the solutions of a number 
of electrolytes, the strength of the sol and of the  coagulator 
being varied over a suitable range in each series. Since the 
existence of both these phenomena has an important bearing 
both on the general theory of the viscosity of colloids and of the 
coagulation process, and since with the exception of the above 
work from these laboratories, practically no information is 
available in the literature in this line, it was thought desirable 
to extend the above results to coagulations of some other sols. 


EXPERIMENTAL, 


The method of moasuring the viscosity and the general experi- 
mental procedure were the same as those adopted previously (loc. 
cit). The values for the colloid and the coagulator concentration 
refer to those before mixing. The measurement of the viscosity was 
discontinued only after flocculation had set in. The temperature 
of the thermostat was kept constant at 86°+ 1? in all the experi- 
ments. 80 O.c. of the coagulating mixture were used. It contained 
20 в.с. of the sol and 10 c.c. of the appropriate electrolyte solution, 
exceptin No. 1, Table I, when 10 с.о. of water only were added to the 
eolloid. All these liquids were allowed to attain the thermostat tem- 
perature before mixing in the viscometer. The constancy of the 


a 
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pressure observed on the manometer (cf. Fig. A, Part V, Joshi and 
Viswanath, loc. cit.) applied to the viscometer was judged by means 
of & low power telescope. 

During the course of preliminary experiments it was observed 
that a freshly dried viscometer always indicated а higher visco- 
sity in the first observation. By examining this phenomenon under 
different conditions it was found that even with pure water the 
apparent viscosity in the initial observation could, be as high as 
2 % when the viscometer was highly- desiccated by a prolonged 
current of hot and well dried air passed through .it. This 
factor, however, could be eliminated by measuring the viscosity 
‘after the capillary and the bulb of the viscometer were once 


wetted by the liquid in the viscometer. In the following experi- 


ments, therefore, the viscometer was well wetted by the colloid 


-before measurements of the viscosity of the coagulating mixture were 


commenced. 
The kinetics of the coagulation of two colloids, vig., ferric oxide 


and antimony sulphide were examined viscometrically and the results 


were similar to those in Part V (Joshi and Viswanath, loc. cit.). The 
ferric oxide sol was prepared by hydrolysing a solution containing about 
5 g. of ferric chloride per litre by prolonged boiling and then dialysing 
it for 20 days. The dialysate was found to be free of chlorine after 


* а. 1. (of. Тавів 1). 





0 20 40 60 80 100 120 140 
Time т mim. 


Qurve | refers to water and FeO, sol. Curves 9—4 refer to РезОз sol + 00002, 
0'001 and 0:002 N-KOI respectively. 
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this period. The colloid content of the sol was determined by 
coagulating & known amount of the sol by a barium chloride solution 


and then weighing the coagulum. It was 


litre. 


1'95 р. of ЕезОз per 


‘The viscosity variations during Ив coagulation by solutions 


of potassium chloride, barium chloride, ferric chloride and thorium 


nitrate are shown in Figs. 


1—4 (cf. Tables I—IV). The antimony 


(cf. ТАвгв II). 
60 100 190 


Time tn mm. 


40 





.80 


920 


Ourves 5—10 refor to FegOs во] +0'0025, 0'005, 0°01, 0°02, 0°05 and 0'1У-Ва01, 


raspectively. 


(cf. Taste III). 


Fia. 3. 
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Curves 11—13 refer to HeqOs sol + 0'01, 0°07, and 0°1N-FeOl, respectively, 
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Fie. 4. (of. Тавьв IV). 


8. 
osio H 
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E 
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07800 
0°7 00 | 





Time tn min. 


Ourves 14—15 refer to FegO sol+0°l and 1:0N-Th(NOyg), respeotively. 


sulphide sol was prepared a8 in an earlier paper (Joshi and ‘Prabhu, 
J. Indian Chem. Boc., 1981, 8, 11) It was dialysed for 
12 days against repegted changes of hot water and was found free 
of acid. A portion of this sol was diluted with water and used in the 
experiments with thorium nitrate (Fig. 8 also Table VIII). The other 
portion of the sol was dialysed for 14 days longer, and used in coa- 
gulations by solutions of potassium chloride, potassium tartrate and 
potassium oxalate (Figs. 6—7; Tables V—VII). The concentrations 
of these sols, determined as in the case of colloid ferric oxide, were 
respectively, 2°05 and 1°45 р. of 5b,8, per litre. The data in the 4th 
column of Tables I—VIII show т, the viscosity in centipoise units at 
the first minimum observed on the 5g—time curves. The time 
corresponding to this minimum is shown in the next column, Ав’ 
observed previously, the g—time curves were discontinuous. In 
order to give an idea of the magnitude of these discontinuities only 
one pair of points, which are widest apart on the y-axis of each curve, 
is considered, e.g., points a and b on curve 2, Fig. 1. The mean of 
the difference between the viscosities corresponding to a and b, is 
expressed as a percentage of the initial viscosity. These results are 
given in the 9th column of Tables I—VIIIL. 
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tables : 


C=concentration of electrolytes; 
minimum  visoosiby ; 
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The following abbreviations have been used in the following 


"= initial viscosity in centipoises; 1, first 
; Ty.=time corresponding to ma; 4. = Viscosity 


decrease; ду == 


final observed viscosity ; Tn, time corresponding ton,; R-range of fluctuation of y. 


10 


о c mo 


0'0002N 
0'0010 
0*0020 


0'0025N 
0°0050 
0°0100 
0°0200 


0*0500 


0°1000 


OIN 


0°10 


0-786 
0"796 
0-785 


0787 


0751 


0*751 


0'741 
0-741 


‹ 0749 


Тлвьв I (cf. Fig. 1). 


FeO; вої + water. 


Nm» Ту». Nas Ny- Ту. 
0718 45 0'6% 0713 145 


Fe.0, sol-- KCl. 


07099 99 2'8% 0788 190 
0'731 48 98 0781 128 
. 0786 48 16 0789 198 


Тлвья II (of. Fig. 2). 


Fe50, во1+ BaCl,. 


0'719 85 28% ОТ 190 
0717 30 18 0716 121 
0'727 30 11 0'781 182 
0*721 60 2°2 0'720 98 
0'720 44 41 O°719 104 
O°725 25 86 0°795 98 


ТАвга III (оў. Fig. 8). 
ЕезОз gol + FeCls. 


0780 88 15% 0780 918 
0791 62 27 0720 140 
0-780 58 25 0780 180 


04% 


03% 
0'2 
. 
0'8 
0'8 


0'2 


0'8 


01% 


Remark 3. 


No flocculation. 
Do 
Flocculates. 


No flocculation, 
Do 


Opalescent 

after 30’. 
| E a after 
20’.  Flooculates 
after 98'. 
Opalescent aftar 
16’. Flocoulstes 

after 44’. 
lates after 104. 


escent imme- | 
lately.  Floceu- 
lates after 48’, 
Coagulates com- 
pletely after 88’. 
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Тавів IV (cf. Fig. 4). 


Fe305 gol 4- Th(NOs3),. 
Ref. C. Ni time Tne. Ra- ny. Tuy Б. Remarks. 
14 0'10N 0809 0721 95 109% 07719 120 — No floculation. 
15 1°00 0:819 0'770 45 6°0 0-768 109 0'2% Opslescent imme 
э ee Flocculates 
r ', Оовет- 
lates completely 
after 102’. 


TABLE (V. of. Fig. 5). 
8b,8, sol + KCl. 


1 000114  0' 749 0740 16 1'2% 0'760 116 — No flocculation, 
9 0'005 074b 0'788 17 09 07790 187 — Do 
3 0'010 076560  0'741 98 20 0:884 196 18% Do 
4 0°020 0°752 als ssa jae 0851 125 06 Do 
5 0'080 07768 T" Vas oe 0'951 44 280 Opalescent after ag, 
Flocculates after 44’, 
6 000 O764  .. .. .. 1190 89 580 Opalescent after 17’. 
° ~ Flocculates after 89”. 


TABLE VI (cf. Fig. 6). 
Sb,8, sol + К.С, O,. 


7 0“010№ 060 0787 24 80% 0741 114 08% No flocculation. 


8 0025 0754 0784 18 27 0750 118 08 До 

9 0*040 0757 0748 85 19 0763 125 17 Do 
10 0000 0754 .. . «ss 1'448 87 .. Opalescent after 49’. 
Flocculates after 87’. 


TABLB VII (cf. Fig. 7). 
ВоВ gol + K,0,H,0¢. 


11 0:020N O'742 0'728 95 19% 0°726 114 04% No flocculation. 


18 0040 0748 072% 26 rë 0780 126 08 Do 

18 0050 0769 .. ou. .. (0891 120 .. -Opalescent after БӨ, 
Flocoulates after 129’, 

14 0000 — 0708  ..  .. .. 1098 82 .. Opalescent after 94", 


Flocculates after 70. 
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Таврии VIII (of. Fig. 8). 


ВоВ. sol + Th (МО). 


Remarks, 


г. Thy. 


0728 


de 


7 


7м. 


Ref. 


125 05% No flocculation. 


16 0O0'001N 0728 


116 08 


16 * *11% 0788 


0'738 0°725 


13 0'002 


122 0*5 Do 


0'781 


0°722 


17 0008 


0°8 


0'781 0'725 61 


18 0'004 


Do 


08 0740 125 0% 


0'788 0'782 85 


19 0°005 
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Curves 1—4 refer to ВЪзВь sol ^ 0001, 0:005, 0°01, 0°02, 0°08, 


and 0'05N-KOIl respectively. 
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(cf. Тавьа VI). 
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Curves 7—10 refer to 8b483 sol + 0°01, 0:025, 0°04 and 
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Curves 11—14 refer to Bbfis sol + 002, 0°04, 0'05 and 0'08N 


K30,H404 respectively. 
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Ета. 8. (cf. ТАВЬЕ VIII). 
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Curves 15—90 refer to 8,93 sol + 0'001, 0°002, 0'003, 0°004, 0°005 and 
0:008N-Th (NOx), respectively. 


Discussion. 


An examination of the curves in Fig. 1—8 gives ample support 
to the deduction made previously (Parts V, VI) tHat in so far as the 
viscosity is а measure of coagulation, at least in the slow region, the 
coagulation (in the sense of a sustained coalescence of particles) is 
not a continuous process in respect of time. As has been observed 
previously (loc. cit.) in в number of cases, e.g., curves 8—6 in 
Fig. 5, curves 12—14 in Fig. 7 are ‘S-shaped’ showing a slow 
initial change followed by & more rapid one. In general this is 
ascribed to autocatalysis. This is not stfictly valid since the 
existence of discontinuities on 7—time curves might also be inter- 
preted as showing that а viscosity change is not a measure of coa- 
gulation. It is instructive to consider the influence of the electrolyte 
concentration revealed by the curves in Fgs. б and 7 for the antimony 
sulphide sol. The S-shaped part of the ‘curve: becomes progressively 
steeper as the strength of the electrolyte solution is increased. 
Moreover, at very low values of the last, when practically the entire 
y—time curve is а part of the S-shape, there are hardly any marked 
discontinuities. These are more pronounced at higher concentrations 
(of. curves 5, 6, Fig. 5), wherewith only, coagulation wasfobserved to 
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progress sensibly as judged by opt&lescence snd the setting in of 
flocculation (cf. Table V). This shows clearly that the discontinuities 
are а part of the mechanism of the coagulation of polydisperse sols, 
at any rate in the slow region. It might also be pointed out that 
the almost constancy of the viscosity (subsequent to the initial 
stage) where coagulation was either nil (cf. curve 1, Fig. 1) or had a 
very low rate of progress (cf. curves 11—18, Fig. 7; curves 1—3, Fig. 
6) shows that the breaks in such ourves às 6 and 6 in Fig. 5, where 
coagulation was most rapid, cannot be ascribed to any experimental 
error. This source would also appear to be improbable in view of 
the fact that the g-fluctuations on these curves sre as high ав 26 
and 68 % (of. Table V). It was previously observed (Part VI) 
that breaks were rather more frequent in coagulations due to 
thorium nitrate than when other electrolytes were used. This agrees 
with our present results (cf. Fig. 8). Curves 15—18 in this figure do 
not show any appreciable net increase of viscosity. This is sensible 
in curves 19 and especially in 20 in Fig. 8. These represent the largest 
concentration of the electrolytes, vig., thorium nitrate in this series 
That coagulation was just appreciable only in the last case is shown. 
by the evidence of opalescence and flocculations (cf. Table VIII). 
Considering the overall trend of the curve, it is seen to be S-shaped 
and it has also discontinuities. This is markedly different from the 
curves in Figs. 6— corresponding to the use of other cosgulants 
where for the same sol, the S-parts of the y-time curves are sensibly 
free from discontinuities. It would thus sppear that in the slow region 
the ocourrence and the extent of these discontinuities depend upon 
the nature both of the colloid amd of coagulator, and very likely 
also on the stage of the coagulation. Compared with 7—time cu-ves 
obtained in Part V for different series of coagulations, the initial 
viscosity diminution and the subsequent section of the curves, 
now observed for the coagulations of the antimony sulphide sol, are 
less pronounced, This is mainly due to the different scale used 
in plotting the results. The initial viscosity diminution now 
observed varies in the range 0'8—8 96 of the initial viscosity and it is 
produced during 16—61 minutes after the commencement of the 
coagulation (cf. Tables V—VIII). On comparison, it will be seen 
that these quantities are similar to those reported previously in 
Parts V and VI (loc. cit.). 

An outstanding feature of the viscosity—time curves (Fgs. 1—4) 
for the coegulation of the ferric hydroxide sol is that the change 
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is accompanied by a diminution of viscosity. This is contrary to 
the general experience, vis. that coagulation produces an increase 
in the viscosity of a sol. These curves (Figs. 1—4) also show that 
decrease of viscosity becomes more pronounced in the order 
KCl < Badly < FeCl, < Th (NO;),. It is interesting to consider 
the viscosity diminution at the first minimum in these 4-time 
ovrves (cf. columns 6, Tables I—IV). This varies from 1-10 % 
of the initial’ viscosity, about 8 % being the average value. The 
time corresponding to this occurrence lies in the range of 20-60 
minutes after the start of the coagulation. Work is now in 
progress in these laboratories to investigate as to how far this 
viscosity diminution is similar to that observed in the case of the 
coagulation of the antimony sulphide sol studied, here and of other 
sols referred to in Paris V and VI. 


SUMMARY, 


Slow coagulations of colloid ferric oxide due to variously conocen- 
trated KCl, BaClg, FeCl, and Th(NOs), and of antimony sulphide 
by KCl, К.С.О., K30,H40ę and Th(NO 3), solutions have 
been studied by measurement of the viscosity with time: Ав 
- observed previously in parts V and VI, in a umber of coagula- 
tions of the latter sol, the 7—time curves show an initial fall of 
0:8 to 8 % of initial viscosity during 16—61 minutes after the 
start of coagulation. The next section usually possesses ‘S-shape’ 
whose duration diminishes as the electrolyte concentration is in- 
creased. The g—time curves show a number of breaks which are 
considered to indicate that in the slow region the coagulation 
is not a time-continuous process. Contrary io the general expe 
rience of the coagulation phenomena, in the case of the ҒеО; the 
coagulation was accompanied by a diminution of 1, the effect 
increasing in the order, KC1< BaCla< FeCl < Th (NO3),. 
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Jnanendra Mohon Das-Gupta was born in 1905 at Dacca. Не 
belonged to a Hindu Baidya family. He passed his matriculation 
examination from Noakhali and secured a divisional scholarship. He 
graduated from 8%. Xavier’s College, Calcutta, with First Class 
Honours in Chemistry and secured в First Class M.Sc. degree in 
chemistry from Расов University in 1928. As aresearch chemist in 
1927 he joined the Brahmachari Research Institute ‚апа conducted 
original research work on the pharmaceutical chemistry under the 
able guidance of Rai Bahadur Dr. U. N. Brahmachari, with whose 
collaboration he published the following papers in the Journal of the 
Indian Chemical Society in 1981 and 1982. 


Studies in Quinoline Compounds. Parts IV, VI and VII. 


The following independent papers of Mr. Jnanendra Mohon Das- 
Gupta were published in the Journal of the Indian Chemical Society 
in 1988 and 84, 


Studies in the decomposition and reactions of Urea. Parts 
I to IV. 


In October 1988, he proceeded to Edinburgh with a view to 
sarry on further research work on pharmaceutical chemistry in 
Edinburgh University under Professor Barger where he died of 
pneumonia. 

He was elected a Fellow of the Society in 1980. 


Chemical Aspects of Carbon Assimilation.* 
` Ву Pror. Nr, Ravan "нав, D.Bo., Dr. вв. Bo., Е.Т.О. 


I thank you moat heartily for the honour you have done me by 
electing me your President. When just twelve years ago the leading 
chemists and sonre distinguished physicists of our country brought to 
me at Madras as the President of the Chemical Section of the Indian - 
Science Congress, an applicafion requesting me to take steps for the 
formation of an Indian Chemical Society and à strong committee with 
the late Dr. E. R. Watson as chairman was appointed, I was doubtful 
whether the country would realise the importance of the steps that 
we were taking in founding an Indian Chemical Society. It isa 
matter of extreme satisfaction to all of us that in the short period of 
twelve years, the Indian Chemical ‘Society is a well organised, learned 
institution with a fairly large membership and an important Journal, 
the success of which goes to the friendly co-operation of Indian 
Chemists of all sections and to the generosity of the Caloutta Univer- 
sity for printing it free of cost. The most pressing need of the 
Society seems to be the increase in the number of Fellows and the 
collection of donations from our Fellows as well as from industrial 
magnates апа others concérned with the progress of the country, for 
increasing the permanent fund of the Society, 


There i is one more topic concerning our Society on which I venture 
to say & few words. Sometimes it has heen urged that there is un- 
necessary delay, in the publication of papers, which under our rules 
have to be carefully scrutinised by at least two competent authorities 

on the subject matter of the paper. IfI may state my own experi- 
ence, frequently papers written by me have been criticised and im- 
provements suggested by referees, and I have generally found that 
the papers have improved by the alterations put forward. I beg of 
authors of papers to put up with the criticisms of the referees and 
alter their presentation &ocording to the suggestions made by the 


- 


- + Presidential address for the Tenth i Annual General Maus. of the Indian 
Chémioal: Society at-Bombay, Jan. 1984, 
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referees, and lam sure of the majority of cases, the papers will im- 
prove in presentation. i 

Following the practice of my predecessors, I shell discuss from the 
chemical view-point one of the most fundamental problems of science 
in which chemists, botanists, physiologists, and agriculturists have 
taken & considerable interest and & problem on which our life on this 
earth depends. I mean the production of fpod and fuel from carbonic 
-acid. The importance of this problem has long been realised. 


Introduction. 


The following conversation is said to have passed between Stephen- 
son, the famous diacoverer and engineer and Buckland, the celebrated 
geologist when they watched a railway train vanish rapidly in the 
distance. l 

'" Well, Buckland,” said Stephenson as he looked at the famous 
geologist, '' what is it that drives the yonder train along? ”’ 

‘‹ Well,” answered the geologist, '' I should think that it is one of 
your great engines.” 

'* Yes, out what moves the engine? ”’ 

'* Why, one of your Newcastles engineers’’. 

‘* No, sunlight." 

“ How can that be ?’’ asked the geologist. 

Т assure you it is nothing else "' replied the engineer. 

“ 16 is light that has been stored in the earth for many thousands 
of years ; the light absorbed by the plant during its growth is essential 
for the condensation of carbon, and this light which has been hidden 
in the coal for so many years, is now unearthed and being set free as 
in this engine, serves human beings.” 

The organic compounds synthesised by the plants are partly used 
up by them for their own food, but the greater part of these energy- 
rich organis substances, which are products of their labour ara stored 
in their own bodies. А small part of this stored up materials is re- 
quired for and used up as seeds and thus succeeding generations of 
plant life continue on tha earth’s surface. The majority of the 
energy-producing compounds manufactured by plant is, however, used 
by animals for their existence. 

It appears, therefore, that in plants, in pressnce of sunlight the 
preparation of food materials and the consumption of s portion of the 
manufactured food can go on simultaneously. Animals, however, 
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consume the food manufactured by the plants and cannot produce 
their own nutrients in their body like the plants. Hence from this 
point of view, plant machinery is superior to that of the animal. 

From times immemorial men came to the conclusion that all 
energy must ultimately come to us from the sun and therefore sun 
was worshipped as the All Father, the Giver of all good. The sun is 
‘the source of all our wealth, power and life. The radiation from the 
sun amouuts to more than’ 8x 1083 calories per year. Of this amount 
the earth only receives 188 х 102? calories. 

It is estimated that the plants convert per year sixty billion kilo- 
grams of carbon dioxide to useful organic substances. It has been 
calculated that only 1/10,000 part of the total solar energy received on 
the surface of the earth is utilised in the formation of useful organic 
substances, 

In this connection the following observations of L. J. Henderson 
are of interest :—'' Two chemical individuals stand alone in import- 
ance for the great biological cycle upon earth. The one is water, the 
other carbon dioxide. These two simple substances are the common 
sources of every one of the complicated substances which are produced 
by living beings and they are the common end-products of the wear- 
ing away of all the constituents of the protoplasm and of the destruc- 
tion of those materials which yield energy to the body”. 

16 is-clear, therefore, that Ше on the earth rests on the energy 
obtained from the sun through the phenomenon of photosynthesis 
going on-in plants. Man depends entirely on this solar energy, which 
is made available to him by agricultural pursuits. 

In photosynthesis, nature’ has evolved & method of storing the 
energy of the sun and it is the only photochemical change known in 
which energy is stored up for the use of mankind. 


Efficiency of Carbon Assimilation not High. 


Uufortunately the efficiency of this most important chemical 
change is not of а high order. Piitter (1914) found that about 8% of 
the solar energy is utilised by various crops. Oats use 8' 8196, 
potatoes 8°02%, beets 2°12%, wheat 8°26%, and barely from 2'6 to 
8°68%. According to Miller (1928), only 2:296 of.the total ‘radiation 
falling on an aere of land in Kansas (U. В. А.) under field condi- 
tions is utilised by corn for carbohydrate formation. 
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History. 


Priestley (1778) and Scheele, who are discoverers of oxygen 
gas, also independently and simultaneously studied the prob- 
lem of carbon assimilation, but their conclusions were diamet- 
rically opposite. While  Priestley's plants ‘improved ithe sir. 
. rendered unfit by the animals, Scheele’s plants produced carbon 
dioxide, because neither Priastley nor Scheele reslised,the importanca 
of light in these experiments. Ingen-Housz (1779-1796) discovered 
the importance of light in tais reaction and seems to have realised 
the cosmical function of green plants aided by sunlight and the 
relation between plant and animal nutrition, Senebier (1783-1800) 
appears to be the first to show that evolution of oxygen by plants 
in sunlight is accompanied by the absorption of COg and not that 
of air. He also observed that it was not the solar heat but light, 
which causes the liberation of ОО, in plants. Moreover, he was 
also the first to show that the red part of the solar spectrum was 
most active in the decomposition of carbonic acid. De Saussure 
(1804), who was highly influenced by Lavoisier’s quantitative studies, 
introduced quantitative observations in this subject and came to 
the conclusion from rather crude experiments that the volume of 
oxygen evolved by plants is the same as that of carbon dioxide 
absorbed. He observed that the plants gain in weight by the intake 
of carbonic acid gas. He definitely established that carbon dioxide 
was absolutely necessary for the growth of plants from experiments 
carried on with plants kept in a confined space from which carbon 
dioxide was removed by potassium hydroxide. He showed that 
the plants died under these conditions, and also observed that 
oxygen is necessary for plant life and in.an atmosphere of nitrogen 
and carbon dioxide plants cannot live. The importance of water 
in photosynthesis was also recognised by de Saussure. He appears 
to have introduced the idea of photosynthetic and respiratory quo- 
tients. Hence he extended our knowledge on this subject consider- 
ably, chiefly os в result of his quantitative methods. 

Although Priestley, Ingen-Housz, Senebier and de Saussure 
believed that the green parts of the plant were active in the absorp- 
tion of carbon dioxide and liberation of oxygen, Dutrochet in 1867 
established the fact that the presence of chlorophyll in the green 
parts of the plants was responsible forthe assimilation of carbon 
dioxide. In numerous publications Liebig (1840) was the first to 
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emphasise that carbon dioxide present in the air formed the only 
source of carbon for the plant life. It will, however, be shown 
later on that plants absorb carbon dioxide from the soil as well as 
from the atmosphere. Although the researches of von Мо (1851) 
and Unger (1855) were important in showing that carbohydrates 
are the first substances to be produced in photosynthesis, Sachs 
(1862) was the pioneer to show that starch was the first visible 
product formed by the plant leaf from carbon dioxide absorption. 
This great botanist was also the first to make the important observa- | 
tion that when leaves rich in starch are placed in the dark, they 
lose starch. It appears again when the starch-free leaves receive 
light. Later on, Meyer (1885) showed that there is a group of plants 
e.g., Asclepias cornuti and many Monocotyledons, most Compostiea, 
Umbellifere, eto., which do not form starch but sugars in photo- 
synthesis. Hence starch need not always be the first visible product 
of photosynthesis as advocated by Baohs. | 

The crude experiments of de Saussure were considerably im- 
proved By the great agricultural chemist Bossingault (1864), but 
his conclusions were the same as that of de Saussure regarding the 
ratio of the volume of carbon dioxide absorbed and oxygen evolved. 
The chemical change involved in carbon assimilation is usually 
represented by the following equation: 


6CO, + 6H 40 + 660,000 cal = СН. Ов 4 60$. 


Actual Velocities of Carbon Assimilation. 


Blackman asd Miss Matthaei (1905) obained the following results 
with Helianthus tuberosus. In brilliant August sunshine at Cam- 
bridge, at a temperature varying from 29'8° to 81° in an atmosphere 
containing 6°8% carbon dioxide, the assimilation was 0°022 р. 
of CO, for 50 sq. em. of leaf surface and 5'8 р. of CO, per sq. m. 
of the leaf surface per hour,  Willstütter and Stoll (1918) reported 
that 8g. of ОО» per sq. m. of the leaf surface with Helianthus 
annus and 6°8g. for the same surface and temperature with 
Cucurbita pepo are absorbed. These. results of Willstitter and Stoll 
are the highest values of carbon assimilation obtained so far 
under artificial conditions. Miller (1917) has stated that the 
average velocity of carbon assimilation in air during a period of 
ten hours for pumkin, cow peas and soy beans corresponds 
to 1:8, 0°85 and 0'8 mg. carbohydrate per hour per sq. dom. 
of the leaf surface. The velocity for pumkin as observed by Miller 
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is practically the same as that obtained by Sachs (1884) for Helian- 
thus annuus, Working with Hydrilla, Sir J. С. Bose obtained 
the value 28 mg. per sq. .dem. of leaf surface per hour; 
this is the maximum rate observed by Bir J. C. Bose. These 
velocities of carbon assimilation are much less than those obtained 
by Blackman and Matthaei and Willsbátter and Stoll and others 
under artificial conditions using much larger concentrations of 
carbon dioxide. et А 

It is of interest to note that the velocity of photosynthesis in 
Philippine Islands with leaves of sugar cane, cocoanut, etc., is repor- 
ted by MeLean (1920) to be small and the maximum absorption of 
carbon dioxide by sugar cane leaves corresponds to 0°86 mg. of carbo- 
hydrate per sq. dem. per hour under natural conditions, It 
appears likely that the high temperature in the Philippine Islands 
causes a marked acceleration of respiration and hence the velocity 
of photosynthesis appears to be small. It seems, therefore, that 
in tropical countries photosynthesis need not be high even when 
the light intensity is large, because of the increase of respiration, 
which opposes photosynthesis. 


Influence of the Concentration of Carbon Dioxide on Carbon 


Assimilation and some Practical Applications. 
e 


Warburg (1922), from careful experiments on the unicellular 
alga, Chlorella, kept at 25°, and exposed to radiations from a metal 
filament lamp giving out light of intensity greater than that of 
direct sunlight, has concludad that at low concentrations of carbon 
dioxide, the velocity of photosynthesis is almost directly proportional 
to the carbon dioxide content (concentration of СО» from 1/120 to 
10 times the normal amounis present in sir). When the concentra- 
tion of CO, is greater than 2x107 mol. per iitre, increase in the 
concentration of CO, causes а smaller inorease in the velocity of 
photosynthesis. In the finel stages of the concentration, the velocity 
of photosynthesis seems to be independent of ОО» concentration. 

Harder (1921) has studiad this problem with aquatic plants much 
more systematically and has come to the conclusion that the higher 
the light intensity the greater will be the increasing effect of 
an enhancement of carbon dioxide concentration. Lundegirdh’s 
experiments (1924) with land plants show that when the light inten- 
sity ів goth of that of sunlight, an increase in photosynthetic 
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volocity is observed when the сагрод dioxide concentration is in- 
creased and it is above normal. The increase in photosynthetic rate 
аб pressures slightly exceeding the normal pressures is high but 
falls off as the concentration of carbon dioxide is increased. On the 
other hand, when the light intensity approaches that of sunlight, 
the photosynthetic velocities are greatly increased by an increase in 
the concentration of carbon dioxide. 

In recent *years attempts have been made to increase the yield 
of a crop by increasing the carbon dioxide concentation in the atmos- 
phere surrounding the plants. Demoussy (1904) was the first to 
observe that plants grown in an atmosphere enriched in carbon di- 
oxide showed an increase of 157'6% in excess of the control plants 
which were exposed to an atmosphere of normal carbon dioxide con- 
tent, whilst the other plants had an atmosphere containing carbon 
dioxide to the extent of 0°15 to 0'18% for nearly two months. Kos- 
tyschew (1922) has reported that legumes are more affected by in- 
crease of CO, concentration than non-leguminous plants. Careful 
experiments carried on in Sweden by Lundegürdh (1924) in glass 
houses in which ОО» was continuously passed, gave the following 
results for plants grown for 10 weeks. 


OO; house. Control house. Excess. 
Cacumber—shoots 11807 kg. 0:890 kg. е (917 kg. 108% 
ПОРИ ИА РЕ В 2-700 1:810 1°890 124 
Bean fruits - T080 8 848 : 8'787 112 
Mean ОО content 0-065075 0°048% 0°022% 61 


Similar results were obtained by Fiseher, Riedel, Jess, Owen апа 
others. Although the results depend on the fertility of the soil and 
climatic conditions, they appear tobe of great importance from 
the view point of practical agriculture. The artificial increase of 
carbon assimilation by an increase of CO, is possible by the nearness 
of big factories, which produce large amounts of СО, (the Krupp 
factories at Essen generate about 3000,000 kg. CO, per day). In 
this connection the following lines from Maximov’s Plant’Physio- 
logy (1980) will be of interest: 

‘The rapid development of the plants in hot beds underlaid with 
manure seems to be due not only to the high temperature thus 
produced, but also the abundant supply of carbon dioxide.” 
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Вой as a Source of Carbon Dioxide for Plants, 


“Under natural conditions plants obtain СО, not only from the at- 
mosphere, but also from the soil. Due to the processas of decomposition 
of the organic substances in the soil by different micro-organisms, CO, 
is liberated. Diffusing from the soil in the lower layers of the atmos- 
phere, it is caught by the leaves of the plants. According to- the 
calculations of Lundegürdh, a sandy soil? poor in humus, liberates 
about 2 kg. of СО, per hour per hectare, while loam and clay soils 
containing a greater amount of humus, eliminate about 4kg. and forest 
soils, extremely rich in hunus, produce from 10 to 5 kg. Moderately 
fertillized soils produce on an average 5 kg. of COg per heotre 
per hour. A field of one hectare sown to oats consumes in the pro- 
cess of photosynthesis about 15 kg. of СО, per hour. Five of these 
are supplied by the soil; the other ten are obtained from the atmos- 
phere. Lundegürdh observed that during the day the carbon dioxide 
content of the air 18 considerably lowered. At night the ‘respiration’ 
of the soil once more restores the balance. This balancing of carbon 
dioxide without profit or loss takes place only on soils of medium 
fertility. On poor ground, plants absorb more COg than ів lost by 
the soil, hence with the growth of the plants, the soil becomes en- 
riched in humus. On the contrary, in soils very rich in humus the 
loss of CO, may exeeed the accumulation of organic compounds by 
the plants. An especially great abundance of СО» has been found 
in forests under the cover of trees where in the lower layers of air, 
CO, may reach в concentration of 0'08%, instead of the average 
0'08%. This high percentage of CO, compensates the shade plants 
to а certain degree for the lack of light.’ 


Influence of Intermittent Light. 


Warburg (1919) worxing with Chlorella and intermittent light 
reported that in strong light the velocity of photosynthesis is greater 
than in continuous light of the same intensity acting for equal 
periods of illumination. The more quick the change of light and 
dark periods, the greater the velocity of photosynthesis. When the 
light is altered 8000 times per minute, the photosynthetic velocity is 
100% higher than that ia continuous light and photosynthesis is only 
10% higher than-in steady light when there are only four alterations 
per minute. When the light intensity is feeble, alterations of light 
and dark periods do not influence the velocity of photosynthesis; 
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Warburg explains this peculiar behaviour from the view point of the 
existence of a reaction taking place in the dark to a position of equili- 
brium but constituting one of the stages in carbon assimilation. The 
explanation of Warburg seems unsatisfactory. A better explanation 
is offered by the writer in the following pages. 

Sir J. C. Bose (1024) carried on experiments on Hydrilla with 
intermittent light, the source being sunlight or point-o-lite lamp and 
observed -with point-o-lité lamp, an enhancement of 21% in carbon 
assimilation with an intermission of 1 second; with intermission 
of 2 seconds, an increase of 8% was obtained. With sunlight 
also, a slight enhancement in photosynthesis was observed with an 
intermission for 0'5 seconds. When the periods of intermission 
are increased, the velocity of photosynthesis decreases toa minimum 
and then increases again. 

In photochemical reactions, if has been frequently observed that 
а reaction started by light continues in the dark even if the light is 
out off. This phenomenon of ‘‘after-effect’’ is of common occurrence 
in photochemical reactions and Dhar and collaborators (1926) have 
shown that this phenomenon is more pronounced when the light 
intensity is great and the reaction is highly sensitive to light. They 
have advanced the- view that the life-period of the activated mole- 
cules produced by light absorption is considerably prolonged and that 
the slow reversion of the activated molecules inte the inactive state 
is the main cause of the phenomenon of after-effect in photochemical 
reactions. Hence the enhancement of photosynthesis in intermittent 
light observed by Warburg and Bose appears'to be а case of ‘‘after- 
effect’’ of the photochemical process involved in carbon assimilation. 
The photosynthesis started by strong light persists even in the dark 
and hence the amount of photysynthesis appears to be greater in 
intermittent light than in continuous light. It is interesting to note 
that plants grown in artificial light develop much better when 
irradiated continuously during day and night than when subjected to a 
period of darkness for 8-12 hours. It appears, that night’s rest is not 
necessary for plants. The possibility of work without rest for several 
months seems wonderful. | 


Some Products of Photosynthesis, 


di appears that the hexoses are the first products of photosynthe- 
sis. The assimilation of carbon dioxide takes place in definite parts 
of the cell in the green plastids: Non-green plastids, such as the 
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colourless leucoplasts ard the yellow and orange chromoplasta 
(existing in fruits and petals of flower) cannot accomplish photo- 
synthesis. The leucopl asts can convert sugar into starch as in 
‘potato tubers and other underground storage organs and this is in 
agreement with the view that the conversion of sugars into starch 
is а secondary reaction end not directly associated with photo- 
synthesis. | 

There is difference of ороп regarding the first substance formed 
in photosynthesis. It is generally believed that the simpler hexoses, 
glucose and fructose are likely to be formed before the complex 
disaccharides are obtained in carbon assimilation, although several 
investigators, notably Brown and Morris (1898) concluded that sucrose 
must be the first sugar, which is formed in photosynthesis, because 
sucrose appears to be in exoess of glucose and fructose in the plant 
leaf. The excess of sucrose was supposed to be converted into 
starch, whilst for translocation, sucrose was transformed into glucose 
and fructose. | 

It is well known that in the animal body the following equi- 
librium exists: 


Glycogen ===> Glucose z—— Lactose 


Parkin (1925) has pointed out that sucrose is a product special to 
to the vegetable world, and he suggested tnat very likely the following 
equilibrium exists in the plant: 


Starch Sco Glucose ==> Sucrose 


‘Chapman (1926), however, believes that ths following direct and 
reverse changes occur: 


.  waltese diastase | 
1. Glucose ——- Maltose ——> Starch. 


maltage 
2. Starch paar Maltose ——> Glucose. 


Saposchnikoff (1890) reported that only 64-87% of carbon dioxide 
absorbed in the plant leaf appears in the form of carbohydrates. If 
this observation of Saposchnikoff be correct, it appears that other 
products are simultaneously formed along with carbohydrates in 
photosynthesis, If the carbohydrate formed in photosynthesis is a 
hexose then from 1 g. of carbon dioxide absorbed 0°68 р. of the 
carbohydrate will be formed. If starch is formed then 0'818 g. is 
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expected from 1 g. of carbon dioxide and in саве of sucrose, 0:647 в. 
18 to be formed. 

Krascheninnikoff (1901) concluded that besides carbohydrates 
other substances are formed in photosynthesis. | 

Sir J. C. Bose (1924) from his experiments with Hydrilla obtained 
the value 0'8906 for the theoretical ratio, ° 


»Glucose/Oxygen = 180/192 = 0°9406. 


It appears from these results that carbohydrates are not the only 
products of photosynthesis but along with them fats and proteins are 
likely to be synthesised. Meyer (1917) advanced the view that oil 
drops, which appear in the chloroplasts of Vauchere are directly 
formed by photosynthesis. 

Moreover, several authors have reported that small amounts of hy- 
drogen peroxide can be detected in photosynthesis. It may be possible 
that the hydrogen peroxide detected in leaves is a product of respira- 
tion. Looking at the whole problem from a broad point of view, it 
appears that formaldehyde, which is the first product of photosynthe- 
sis, polymerises to hexoses, which in their turn, are converted into suc- 
rose. This carbohydrate in presence of light becomes inverted into a 
mixture of fructose and glucose as has been observed by Dhar and 
co-workers (1921). Hence there appeara to be an equilibrium between 
the amounts of sucrose and hexoses in plants. In the subsequent 
pages it will be shown that proteins are likely to be formed in nature 
by the interaction of formaldehyde and carbohydrates and nitrates or 
nitrites present in plants. Hence along with the carbohydrates, pro- 
teins are formed by photosynthesis in plants. But the chief product 
of photosynthesis is certainly carbohydrate, and the hexoses formed 
from the polymerisation of formaldehyde appear to be the first pro- 
ducts in carbon assimilation. ` 


Baeyer Theory of Formaldehyde Formation in Photosynthesis. 


Most of the theories on the mechanism of photosynthesis in plants 
postulate the formation of formaldehyde from carbon dioxide and 
water in presence of light and the polymerisation of formaldehyde to 
reducing sugars. 16 is assumed that in the first stage, considerable 
amount of energy is absorbed but in the second stage, nob much 
energy absorption is necessary. 

The originator of the hypothesis regarding the formation of for- 
maldehyde as the first/stage in photosynthesis and its condensation to 
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reducing sugars was the great organic chemist Adolf Baeyer. His 
theory rests mainly on the observation of Butlerow (1861) that 
trioxymethylene, which is a condensation product of formaldehyde, 
forms a syrupy substance behaving like sugar when heated with an 
alkali ^ Baeyer's theory Зн іп 1870, may be briefly sum maris- 
ed as follows: 

Bayer assumed that under the influenca of light, the carbon di- 
oxide absorbed by chlorophyll, undergoes decomposition into oxygen 
and carbon monoxide; which is fixed up by the chlorophyll and oxygen 
escapes. The carbon monoxide is assumed to react with hydrogen 
and forms formaldehyde, which in its turn polymerises to glucose as 
was firat observed by Butlerow in 1861. He observed the formation 
of sugars from formaldehyde in presence of alkali. Baeyer assumed 
the formation of sugar from formaldehyde under the influence of the 
cell contents and possibly of alkalis, Baeyer is silent regarding the 
origin of the hydrogen песэввагу for the formation of formaldehyde 
from carbon monoxide. Several authors after Baeyer have assumed 
that water is decomposed into hydrogen and oxygen, the hydrogen 
being taken up in the formation’ of formaldehyde and the 
oxygen is set free. Zb is well known that in ultraviolet light 
water is decomposed into hydrogen and oxygen but no evidence’ 
is available whether in the plant, this decomposition takes place 
in presence of those radiations which lead to photosynthesis in 
the green plant. Some authors, however, ascribed the production 
of hydrogen to causes other than the decomposition of water. 

Baeyer’s theory received considerable support in view of the 
observation, that the ratio of ОО» absorbed and Dg given out is unity 
and this relation 18 satisfied if we assume that formaldehyde is the 
first product formed in photosynthesis. 


Detection of Formaldehyde in Plants. 


В аі authors notably Reinke (1881), байый. (1897), Pollacei 
(1900-1907), Grafe (1906), Kimflin (1907), Gibscn (1908), Chodat and 
Schweizer (1915) and others reported the formation of formaldehyde 
in green leaves after illumination. On the other hand, Maze (1920) 
Rouge (1921), and Saoalitschka and Riesenberg (1924) could not 
detect any formaldehyde in plant tissues. Moreover, Spoehr (1913), 
and Fincke (1918), reported that in presence of light various organic 
substances present in tke plant tissue decompose in light with the 
formation of formaldehyde. It appears from the foregoing observa- 
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tions that the formaldehyde in the assimilating plant tissues has not 
been proved beyond doubt. Recently Klein and Werner (1926) 
conclude from their experiments that formaldehyde and acetaldehyde 
occur in green leaves. Only formaldehyde was detected in leaves in 
which photosynthesis has occurred. It was not present in leaves 
kept in an atmosphere free from carbon dioxide or grown in darkness 
and in leaves poisoned by phenylurethane or hydrocyanie acid. Оп 
the other hand, acetaldehyde was detected in the leaves kept in tke . 
dark or those poisoned. Barton-Wright and Pratt (1980), however, 
have reported that formaldehyde is not a product of photosynthesis 
_in plants but is generated by the action of light on bicarbonates and 
carbonic acid present in the outside water. 


Hexperimenis on Feeding with Formaldehyde. 


If formaldehyde was an intermediate product of photosynthesis 
plants should be able to absorb this product from an atmosphere 
containing this substance and grow without the presence of carbonic 
acid. Numerous experiments have been. carried on this line, and 
there is & general agreement amongst workers on this problem that 
formaldehyde in low concentrations can act 8s a plant food. Thus 
Loew (1899) and Bokorny (1888-1911) reported that in absence of 
carbon dioxide, but in presence of the formaldshyde-sodium bisul- 
phite compound, Spirogyra can produce starch. Similarly Boitreux 
(1920), Moore and Webster (1920) and others reported the utilisation 
of formaldehyde by different plants. Grafe and Viser (1911), and 
Miss Baker (1918) could utilise gaseous formaldehyde as plant food 
in light, whilst the same result was obtained by Jacobi (1919-29) and 
Sabalitschka and Reisenberg (1924) in the dark, with several plants. 
Moreover, Bodnar, Roth and Bernauer (1927) observed an increase 
in the dry weight and the amount of carbohydrate in leaves exposed 
to formaldehyde vapour. According to Bir J. O. Bose (1924) formal- 
dehyde, in small doses, serves as stimulant to the growth of plants. 


Reduction of Oarbonic Acid and Formation of Formaldehyde in vitro 
from Oarbonic Acid and Bicarbonates. 


From the chemical point of view, the main reaction involved in 
thé first stage of photosynthesis seems to be the reduction of carbonio 
acid to formaldehyde. 


H,CO, => Н,С0+0, 
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Hence, to imitate the main chemical change involved in 
photosynthesis numerous chemists have attempted to raduce 
carbonic acid and bicarbonate solutions in vitro by different reducing 
agents. Thus Lieben (1895) and Ballo (1884) reduced carbonic acid 
to formic acid by the action of sodium and other amalgams, whilst 
Moissan (1902) obtained potassium formate by the reduction of 
carbonic acid by the action of potassium hydride. Fenton (1907) by 
the action of metallic magnesium on carbonic acid obtained formate 
as the chief product with traces of formaldehyde. On the other hand, 
Dhar and Atma Ram (1982) obtained considerable smounts of formal- 
dehyde by the reduction of potassium bicarbonate solutions by 
powdered metallic magnesium without any trace of formate. This 
reaction also takes place with carbonic acid instead of bicarbonate. 
In place of metallic magnesium, cerium, tungsten and iron with 
carbonic acid have been used with similar results, This reduction 
of carbonic acid to formaldehyde is accelerated by sunlight, The 
importance of this research lies in the fact that carbonic acid and 
bicarbonates are directly converted into formaldehvde, which appears 
to be also the chief product in the first stage of carbon assimilation 
and that the reaction is accalerated by light, 

Bredig and Carter (1914) obtained formic acid by the reduction 
of carbon dioxide by hydrogen under pressure in presence of palla- 
dium used as a catalyst and some carbonates. Schaper (1910) 
reduced carbon dioxide under pressure by ferrous oxalate. 

By the action of silent electric discharge on mixtures of carbon 
dioxide and water, formic ecid and formaldehyde were detected along 
with other products. Fischer and Priziza (1914) obtained formie 
acid and traces of methyl alcohol by the electrolytic reduction of 
carbon dioxide under 10-15 atmospheric pressures. Coehn and 
collaborators (1910) observed that dry carbon dioxide is decomposed 
by extreme ultraviolet light and Berthelot and Gaudechon (1910; 
reported that when hydrogen and carbon dioxide are exposed tc light, 
formaldehyde and its condensction products are formed. | 

Reduction of carbonic acid in presence of different catalysts has 
also been effected in presence of light. Thus Usher and Priestley 
(1911) and Moore and Webster (1918) obtained trases of formaldehyde 
by exposing carbonic acid and water in presence of ferric and uranium 
salts, colloldal ferric hydroxide and some dyes, to ultraviolet anc 
visible light. Stoklasa and Zdobnicky (1911-1918) obtained formal- 
dehyde when carbon dioxide and hydrogen with potassium hydroxide 
were exposed to ultraviolet light. Dhar and Sanyal (1925) obtained 
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formaldehyde by-exposing carbon dioxide to tropical sunlight when it 
is passed in beakers containing conductivity water. The formation 
of formaldehyde is facilitated by the presence of methyl orange, 
methylene blue, ferric chloride, uranyl salt, chromium salt, colloidal 
ferric hydroxide, chlorophyll, etc. Gopala Rao and Dhar (1981), and 
Atma Ram and Dhar (1982) obtained formaldehyde by passing carbon 
dioxide into solutions and- suspensions of different substances in 
water when exposed to tropibal sunlight. Nickel carbonate, manga- 
nous chloride, and cobalt carbonate produce good results. Methy- 
lene blue and malachite green act as good photosensitisers in the 
formation of formaldehyde from carbon dioxide and water exposed 
to tropical sunlight. 16 is interesting to note that in presence of 
several fluorescent substances like rhodamine, fluorescein, carthara- 
mine, safranine practically no formaldehyde was synthesised photo- 
chemically from carbon dioxide and water, although the fluorescent 
substances were decolourised in presence of sunlight. Moreover, 
formaldehyde has also been obtained by exposing solutions of alkali 
-bicarbonates with different photosensitisers, With nascent carbon 
dioxide- obtained by the interaction of hydrochloric acid and carbonate 
no coloured photosensitisers seem to be necessary for the formation 
of formaldehyde in tropical sunlight. In all these cases the yield of 
formaldehyde was much greater than the ‘limit of sensitivenese of 
the tests employed. In view of this fact and the careful blank ex- 
periments always carried on side by side, there is hardly any doubt 
that formaldehyde is actually obtained from carbon dioxide and 
water in tropical sunlight. Moreover, by exposing solutions of potas- 
sium. bicarbonate alone and with freshly prepared carbonates of zine, 
magnesium and iron (ferrous) in sealed glass bulbs а 
amounts of formaldehyde were obtained. 

These researches of Dhar and collaborators have been confirmed 
by similar observations of Mezzadroli and his colleagues. ‘Thus 
Mezzadroli and Gardano (1927) have obtained formaldehyde and 
small amounts of sugar, by exposing solutions of bicarbonates of 
different metals to ultraviolet light. Ammonium bicarbonate 
produces & better yield of formaldehyde than the alkali bicarbonates, 
but the greatest yield of formaldehyde is obtained from calcium 
bicarbonate. The amount of formaldehyde generated rises toa 
maximum and then gradually decreases owing to its oxidation and 
polymerisation. Moreover, Mezzadroli and Vareton (1928) have 
shown that exposure of these bicarbonate solutions and carbonic 
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-acid to ultraviolet rays causes an increase in the reducing powers 
of the solution to & maximum followed by а rapid fall. The presence 
. of colloidal or reducing catalysts increases the reducing. powers. 
Mezzadroli and Vareton have also reported that the yield of formal- 
dehyde and sugars is increased by the addition of metallic magnesium 
о the calcium bicarbonate solution. Mezzadroli and Babes (1929) 
have stated that the recucing power of a 6/6 solution of potassium 
bicarbonate exposed to cvliraviolet light increases %o a constant 
- value in presence of an active variety of carbon. When zino ів 
present with the carbon tbe reducing power is still further increased. 
Recent experiments carried on in these laboratories with great 
care along with blank experiments, show that formaldehyde is 
' synthesised and detected when dilute solutions (б 95) of bicarbonates 
of the alkali metals are axposed to sunlight for about 4 hours in 
thin layers (0*6 om. thick) either in open dishes (11 cm. diamater) or 
in dishes covered with silica plates at temperatures upto 80°, highor 
. temperatures are prejudicial to formaldehyde production. The 
amount of formaldehyde photosynthesised per 100 o.c. of solution 
exposed is 000007 —0'0001 g. Schryver’s reagent is most sensitive 
{ог +һе detection of formaldehyde in small quantities. The amount 
- of formaldehyde obtained from exposing the bicarbonate solutions in 
the same dishes placed in a bath at 40? is about one third of that 
obtained at 80° unfler identical conditions. 

It will be of interest to note that in nature the amount of carbon 
assimilation is less ab 40° than at 80° as will be evident from the 
following observations. 

- Miss Ф. L. О. Matthasi (1905) observed that the amounts of CO, 

assimilated by a cherry laurel leaf per 30 ва. om. (about 8 ва. тд 

per Rouy ab various temperatures were: 

Temp. в 88* 114° 15° 287° 805° 875° 40°5° 48° 
Wt. of ОО; : 
аниа (g) ‘0002 "0088  'CO48 ‘OLO? 0070 0167 0288 0149 0109 
But the total dry weight of organie matter produced during the whole 
life of the plant may nct increase with temperature in this _ мау. 
| Bialoblccki’s (1871) resu-te with barley are as follows: 


Temperature we x 10* 20° 30° 40* 
Dry matter formed (g.) - .. МИ TA 829 3:86 0°03 


“Similar results have also been obtained by Baly and collaborators 
‘in vitro. 


iN 
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In tropical countries, bhe optimum temperature of photosynthesis 
in plants, as в rule, seems to be higher than with planta growing in 
temperate climates. 

Since 1870 when Baeyer gave out his formaldehyde hypothesis, 
numerous attempts have been made to obtain formaldehyde in vitro. 
from carbon dioxide and water on exposure to light, _ Usher and 
Priestley (1911), Baly, Heilbron and Barker (1921), Dhar and 
co-workers (1925-82), Mezzadroli and collaborators (1927-29), Yoe 
and Wingard (J. Chem. Phys., 1938, 1, 886) and others obtained 
positive evidence of formaldehyde formation from carbonic acid or 
bicarbonates in presence of catalysts, when exposed to light. On 
the other hand, Spoehr (1928), Baur and Rebmann (1922), Porter 
and  Bamsperger (1925), Bell (1981), Hmerson (1920), Zsohiele 
(1982), Mackinney (1932), and Qureshi and Mohammad (1982) 
obtained negative results, although Maokinney made the following 
significant statement 


'' The status of this problem is extraordinarily involved, though 
it can hardly be doubted that some workers have succeeded in 
obtaining formaldehyde in vitro.” 

Baly and co-workers (1927) seem to contradict their earlier results, 


Formaldehyde in Rain Water and in Upper Atmosphere. 


Recently a new aspect of the problem has beef brought forward 
by the observations of Dhar and Atma Ram (1982), that freshly 
collected rain water always contains appreciable amounts of 
formaldehyde. It is believed that formaldehyde in rain water is 
formed by the combination of carbon dioxide and water vapour 
present in the atmosphere by the absorption of ultraviolet light from 
the sun. 

We have continued our analysis of rain water for formaldehyde 
and we have observed that all samples of rain water contain formal- 
dehyde varying from 0`00015 to 0'0012 g. per litre. It is interesting 
to note that the amount of formaldehyde per litre of rain water 
obtained after some sunny days is practically the same as photo- ` 
synthesised by exposing solutions of potassium bicarbonate to sunlight. 
It may be that the amount of formaldehyde in both cases is controlled 
by the equilibrium,  . 

HCHO === Н.+00. 
We have shown that the incidence of lightning discharge and 
thunderstorm does not increase the amount of formaldehyde present 
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in rain water. On the other’ hand, we have observed that the 
amount of formaldehyde present in rain water is greater when the 
rainfall is preceeded by s5me clear sunny days. Hence we are 
inclined to the view that formaldehyde in rain water is obtained as a 
result .of its photoformation from carbon dioxide and water in the 
atmosphere. à 

It is well known that the Е reaction Touren аш of 
wavelength 25504. ; я 2 


CO, + Н„О + 112,000 oal =  H:CHO + Og 


It is apparent that very sellom all the active rays are absorbed by s 
medium and hence it seems that all short ultraviolet rays coming 
from the sun will not be absorbed by the ozone layer present in ths 
atmosphere. ‘Some of the short wave radiations are likely to pass 
through ihe ozone layer and decompose water into H and OH, and 
these hydrogen atoms may reduce СО; to formaldehyde вв hes 
been observed by Bonhoeffer (1927) and P. Harteck (1988). This 
reduction of- carbon dioxide by atomic hydrogen may be accelerated 
by the solar radiations. The heat of dissociation of water into H and 
OH is 110,000 calories. In other -words, the energy required in tke 
formation of formaldehyde from carbon dioxide and water is ргасћ- 
cally the same as that required in the breaking cf H—OH link, which 
appears to be the first step i in this process. 

As the wave-length: necessary for the formation of ozone (20203) 
is shorter than those necessary for the formation of formaldehyde 
(2550A), it is expected that formaldehyde mey be formed in tie 

atmosphere at а height less than that of ozone. 

Henri and Schou (1988) and Herzberg (1931) have shown that the 
ultraviolet absorption spectrum of formaldehyde vapour consists of 35 
to 40 bands between 2500 to 8700A with a maximum at 2985А 
characteristic of aldehydes. The predissociation limit of formalde- 
hyde appears to lie between 2680 to 2660А wish diffuse bands. Оп 
irradiating. formaldehyde vapour with rays of wave-length between 
2800 and 2650А, Kirkbride and Norrish (1981) obtained а quant-ta- 
tive decomposition of formaldehyde into CO and H3. 

It ig apparent, therefore, that not only ozoné but also formade- 
hyde present in the atmosphere absorbs short rays from the san. 
Hence the absorption o2 solar radiations shorter than 20004, which 
has been во far attribused to the presence of ozone, may be p 
due to the formaldehyde present in the -atmosphere, 
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Jug ás there is an equilibrium in the ко between the 
oxygen and the ozone, itis evident, that the ои equilibrium 
may exist in the atmosphere. 


НОНО ——*CO + Н, 


It is well known that the upper atmosphere is rich in hydrogen. 
Consequently due to the presence of hydrogen, the photo-decomposi- 
: tion of. formaldehyde will "bà markedly hindered and appreciable 
amounts of formaldehyde may exist in the atmosphere. 

From the foregoing lines it will be seen that the Wa ve-lengühs of 
radiations suitable for formaldehyde formation (2550A) and decompo- 
sition (26604) are much nearer each other than in the formation 
(2020A) and decomposition (26564) of ozone. Hence, “there is 
greater likelihood of the decomposition of the formaldehyde as soon 
as ib is synthesised than in the case of ozone, but due to the presence 
of hydrogen, appreciable amount of formaldehyde is likely to exist in 
the atmosphere. 

Just аз ozone oan exist in the atmosphere at a height of a few 
kilometers above the earth’s surface (compare Götz, Dobson and 
Meetham, Nature, 1988, 182, 281), formaldehyde can also exist at 
similar heights and that is why it can be washed down by rain water, 
which has been found to contain formaldehyde. We have made 
many careful experiments to see whether air on the surface of the 
earth contains appreciable amounts of formaldehyde. Large volumes 

of air were aspirated slowly through 20 o.c. of distilled water 
contained in а glass tube from 6-24 hours, but no trace of formal- 
dehyde could be detected in the water by applying the Schryver’s 
test, showing thereby that although formaldehyde exists in the upper 
atmosphere, it does not ocour in the atmosphere near the surface of 
the earth. 


Formation of Sugars from Formaldehyde. 


Thanks to the researches of several chemists, the problem of the 
formation of reducing sugars by the condensation of formaldehyde 
is on a better footing than that of the photosynthesis of formaldehyde 
from carbon dioxide and water vapour. Butlerow (1861), Loew 
(1886-1889), Fischer (1892-1905), von Euler (1906), Nef (1914), 
Spoehr (1926) and others have shown that uader various conditions, 
specially in presence of alkalis, formaldehyde is converted into 
reducing sugars in the absence of light. | 
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Spoehr obtained traces of sugar by exposing 8% solutions of 
formaldehyde with zinc carbonate or potassium nitrate’ to sunlight 
With lead and calcium hydroxides, which form sugars in the dark 
also from formaldehyde, tho yield in light was greater. Inghilleri 
(1912) obtained sorbose by exposing formaldehyde and oxelic acid 
to, light, whist Pribram and Franke (1912) prepared glyoollie 
aldehyde by exposing formaldehyde i: ultraviolet light in quartz 


vessels. 
Baly and collaborators (1924-1981) have carried on рони 


researches оп the conversion of formaldehyde to reducing sugars in 
presence of ultraviolet light. Baly (1924) reported that ‘‘with an initial 
concentration of 40% formaldehyde, the maximum reducing power is 
8% M as glucose and with 20 litres of formaldehyde, this can 
often be reached after 14 cays of continuous illumination.’’ Recently 
Baly and collaborators (1927) have denied the formation of formal- 
dehyde from carbon dioxide and water in ultraviolet light as reported 
in their previous werk, but have obtained glycol, glycerol and 
reducing sugars from exposing formaldehyde to ultraviolet light. 
They have shown that whan a 40% formalin solution containing ва 
excess of calclum carbonate is placed in a tank kept at 80° and 
exposed io ultraviolet light from four quartz mercury vapour lamps 
for a month and the mixture is stirred, 80% calcium formate, 5'84% 
of calcium glycollete, snd 15% of a mixture containing glycol, 
glycerol, pentaerythritol and some reducing sugars are obtained. 
According to these authors, the action of BS light is гергэ- 
sented by the following ssheme: 


light | 
H00; —» НООз (aotivated)-—»  H'OHO + О, 
пҤ”ОНО —> carbohydrate. 


light 
Carbohydrate —> formaldehyde (НОНО). 


It is believed that the following stationary state is established оу 
the acbion of ultraviolet light on carbonic acid: 


6 HCO, ——= СвН 1,0, +6 Og 


When the concentration of carbohydrate is sma!l and in presence of 
reducing agents, the reasticn would proceed from left to right with the 
formation of carbohydrates, which would be photochemically decom- 
posed to formaldehyde. Moreover, Baly and co-workers (1981) 
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observed that when various sparingly soluble substances, capable of 
absorbing carbon dioxide are used and carbon dioxide was passed and 
the whole was exposed to ultraviolet light, complex organic com- 
pounds containing carbohydrates, which char readily and develop 
reducing power after hydrolysis with hydrochloric acid, are formed. 
Among the powdera which behaved in this way were metallic 
aluminium, barium sulphate, freshly precipitated aluminium hydro- 
xide, basic carbonates of magnesium and zinc, ferric, chromic, and 
alumiuinm hydroxides with small amounts of thorium hydroxide 
deposited on kieselguhr, eto. They also used coloured substances 
like nickel or cobalt carbonates alone or deposited on kieselguhr 
with small amount of thorium carbonates in aqueous carbonic acid 
and visible light. The organic substances formed reduced 
Benedict’s solution, gave the Rubner and Molisch reactions and 
formed a solid osazone. Under comparable conditions the use of 
visible light and coloured surfaces gave a greater yield of organic 
matter with & higher carbohydrate content.than the use of ultra- 
violet light and white surfaces. It appears that the exclusion of ultra- 
violet light prevents the photo-decomposition of the carbohydrates 
formed. When a solution of ammonium carbonate containing a sus- 
pension of nickel or cobalt carbonate is exposed to visible light, 
complex nitrogenous organio compounds are formed. 

Baly and collaborators have pointed out that «ће thermochemical 
equation, 


6 HCO, = CH; «Ов т 60, — 678800 calories 


requires the wave-length 2552A for the activation of carbonic acid by. 
means of radiation alone. Since photosynthesis occurs in the plant 
with visible light, some other mode of activation must be discovered. 
These authors state ‘‘ the total quantity of energy necessary for pho- 
tosynthesis to take place is supplied in two separate amounts, one 
quantity being given when the adsorption on the surface takes place, 
and the second quantity being given out by light ". It rhould be 
pointed out that а similar behaviour is observable with several other 
photochemical reactions, which are sensitised by different substances. 
Recently Baly and Hood (1929) have shown thatif the yield of 
carbohydrates (weight of photosynthesised organic matter soluble in 
absolute methyl alcohol) obtained from the presence of specially 
purified suspension of nickel carbonate (50 g.) in 1000 c.o. of 
water, is plotted against the temperature, the relation is found to be 
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a linear one between 6? and 81° (maximum yield being 0°0783 в.) 
after which there is a rapid decrease of yield. The values of the 
temper&ture coefficient for a 10° rise are in good agreement with блове 
observed by Warburg (1919) with the unicellular alga, Chlorella under 
constant illumination. Baly and Hood have pointed out the sloge 
analogy between the photosynthesis in vitro and in vivo with special 
reference to the researches of Miss Matthaei (1905) on the assimilatior. 
of carbon dioxide at various temperatures dnd to the fact that the 
process both in the living leaf and in the laboratory has an upper and 
a lower temperature limit. 

Dhar and co-workers (1925-1982) have studied Вел conversion o2 
formaldehyde solutions to reducing sugars in presenee of catalysts 
in sunlight. Dhar and Sanyal (1925) and Atma Ram and Dhar (1982) 
obtained reducing sugars by exposing solutions of formaldehyde with 
ferric chloride to sunlight. When solutions of formaldehyde are ex- 
posed to sunlight for periods varying from 60 to 125 hours with 
catalysts like ferric chlorida, zinc oxide, nickel carbonate, chlorophyll, 
methylene blue and methyl orange, reducing sugars are detected. The 
best resulis obtained so far are those with ferric chloride. It will be 
of interest to note that formaldehyde solutions when mixed with 
fluorescent substances like safranine, cartharamine, rhodamine, eto , 
and exposed to suniight, do nob form reducing sugars, whilst with 
chlorophyll, reducing sugars are produced. ‘The sugars obtained rə- 
duced Benedict's solutions and gave the Molisch and Rubner reas- 
tions. On exposing 1% solution of formaldehyde in presenee of 
freshly prepared dilute ferric chloride in thin layers in open dishes, 
reducing sugars can be obtained even after an exposure of 4 
hours. 


` Influence of Temperature on Sugar Formation from Formaldehyds, 


As the yield of reducing sugars on exposing formaldehyde solu- 
tions to sunlight was beso with ferric chloride, it was thought  pro&- 
table to determine the temperature coefficient of this polymerisation 
for a 10? rise of temperature. 800 С. с. of 8% formaldehyde solu- 
tions were exposed in а sealed bulb with enough ferric chloride to 
sunlight for 45 hours at 50° and 40°. After the removal of tha ferric 
and ferrous ealts formed by the reduction of the ferric chloride, the 
solutions were evaporated to complete dryness, and freed from for- 
maldehyde. The dried mass was extracted with pure methyl alcokol. 
The residue obtained after removal of methyl alcohol was estimated 
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by the reduction of Fehling’s solution. The amount of CuO obtained at 
80° =0'061 g. 80-1855 g. of glucose, whilst at 40° the CuO=0'077 р. = 
0°16 g. of glucose. Hence the temperature coefficient for a 10° degree 
rise of temperature between 30° and 40° for the conversion of formal- 
dehyde solutions to reducing sugars in presence of ferric chloride in 
sunlight'is 1:2. In this connection, it will be of interest to note that 
van Amstel (1916) obtained the value 1°26 for 10° rise of temperature 
between 24° ‘and 86°5° in photosynthesis with Elodea and Sir J. О, 
Bose obtained the value 1°22 for a 10° rise between 20° and 80° 
in photosynthesis with Hydrilla. 


Photosynthesis of Nitrogenous Compounds. 


From our experiments on exposing solutions of formaldehyde and 
nitrite or ammonia to sunlight, we observe that methylamine is fairly 
easily obtained. Hence, it appears that in the absence of carbo- 
hydrates the products of photosynthesis of nitrogenous compounds 
will essentially consist of substances like pyridine, piperidine, ete., 
formed by the reaction of methylamine and formaldehyde and these 
compounds have actually been obtained by several workers including 
ourselves. In presence of carbohydrates, however, we are likely 
to obtain alkaloids like nicotine, but especially amino-acids by the 
reaction of aldehydes of the monobasic and dibasic acids obtained 
from starch and carbohydrates with ammonia or methylamine. It 
appears, therefore, that in nature, also. amino-acids, the precursors 
` of proteins are formed by the reactions of ammonia ог methylamine 
on the derivatives of carbohydrates and that is why the formation of 
proteins in plant goes hand in hand with the formation of carbo- 
hydrates, which require light. Several workers have reported that 
the formation of proteins in nature is facilitated by the presence of 
carbohydrates or light. Moreover, it appears that protein formation 
in plants is likely to be facilitated by the presence of fats, which 
yield glycerol readily, It has been shown by Dhar and collaborators 
that reducing sugars are obtained by exposing glycerol to sunlight. 
Recently we have observed that reducing sugars are obtained by 
exposing to air and light solutions of tartaric acid and other organic 
acids in presence and absence of photocatalysts. Hence the presence 
of tartaric acid or other hydroxy organic acids may also favour the 
formation of proteins in plants. 

It ів well known that in the animal body, proteins are converted 
into glucose. In the plant kingdom the formation of proteins is 
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facilitated by the presence of glucose. It sppears, therefore, that 


in: photosynthesis protein formation is likely to take pins when. 


some carbohydrates have already.been formed. ' 

.. Appreciable amounts of nicotine have been photosynthesised and 
the molecular weight of the base determined from the chloroplati- 
nate of the base on exposing dilute solutions of ammonia, formalde- 
hyde and cupric salts in presence of catalytic surfaces like ZnO, 
TiOg, eto., to sunlight for about 80 hours: "Moreover, when solutions 
of glycol and potassium nitrate are exposed to sunlight for about 
8 hours in presence of TiO, ав а photocatalyst, tests for glycine are 
obtained. Similarly а solution containing glucose and potassium 
nitrate with TiO, as п photocatalyst when exposed to sunlight for 
the same period, appears to produce arginine. Longer exposure 
causes the disapearance of bhe amino-acids photosynthesised, pro»ably 
due to their photo-oxidation. Solutions of ammonium lactate form 
amino-acids when exposed to light. These amino-acids obtained in 
photosynthesis can be readily tested by the valuable ''ninhydrin'' test. 
` The mechanisin of photosynthesis of proteins by the injection of 
potassium nitrate in the stam of Helianthus annuus has been studiad 
by Varadachar (1932). 


He of Temperature on Photosynthesis, 


Many plant ique following the lead of Blackman heve 
applied the van’t Hoff rule to plant temperature studies, The 
application of the Arrhenius. relation has been found to be ganeral 
with ordinary chemical reactions. . When the same relation is 
applied to the results actually obtained regarding the influence of 
temperature on photosynthesis in plants, it fails, as will be 
evident from the following table obtained from Warburg’s 
results (1919). 


| +10 
Light intensity. Observa ed ki d Calc, ало 
[i 
16 E 20 4°11 between 16° and 28° 
(taking 4°7 between 6° and 
| 10^). 

‚ 45 2*0 4°01 алан 10* and 20° 
(taking 48 between 5° and 
10°). 

. 46 : 1-6 8:06 between 20° end - 80° 


(taking 4'8 between 6°4° and 
0"), а ї 


D 
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These results have been calculated by applying the Arrhenius 
relation. It appears that the temperature coefficients of photosynthe- 
sis do not obey the Arrhenius relation, which has been found to be 
universally applicable to ordinary chemical reactions investigated so 
far and no case of failure has been reported. In photosynthesis, the 
observed values are always smaller than the caleulated values. The 
reasons of the non-asppligability of this relation to photosynthesis in 
plants are: (¢) the greater influence of temperature on the respira- 
tion process than that on photosynthesis and, (ii) the harmful influence 
of high temperature on the chloroplast. 

‘When the temperature of a plant system undergoing photo- 
synthesis is increased the velocity of photosynthesis is increased 
but to a smaller extent than that of respiration. Consequently, the 
temperature coefficient of the observed photosynthesis will appear 
to be smaller than when the reversible reaction was not present. 
Moreover, the chloroplast in the protoplasmic cell which is likely to 
be active in the photosynthetic process starts undergoing deteriora- 
tion when the temperature is greater than 20° and may be partially 
destroyed when the temperature 18 still greater. This is evident on 
comparing the results obtained by Warburg and those calculated 
from the Arrhenius relation. The observed temperature coefficients 
between 16° and 25° and between 10° and 20° are nearly half of the 
calculated values, whilst the observed temperature coefficient 
between 20° and 80° is much less than half of the calculated value, 
The pernicious influence of high temperature on physiological and 
enzymatic and bacterial processes is well known. In most cases the 
optimum temperature in these reactions is round about 20°. Моге- 
over in plant photosynthesis, there is an additional factor namely, 
the reverse reaction, e.g., respiration, which is also simultaneously 
going on and is counterbalancing the photosynthetic reaction and 
hence, the influence of temperature on photosynthesis is less pro- 
nounced due to these counteracting agencies. 

It has been observed that in the case of some chemical reactions, 
the temperature coefficient can have the high value 7'2. Hence it 
is no wonder that the temperature coefficient of photosynthesis at 
low temperatures (say between 5° and 10°) hasthe value 4:8. It 
seems probable that the photosynthetic reaction is not an adsorption 
process of which the average temperature coefficient isin the neigh- 
bourhood of 1'2 for a ten degree rise of temperature, but it is 
controlled by a truly photochemical change having a moderately high 
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temperature coefficient. In several communications from our labora- 
tories it has been shown that the photochemical reactions need not 
have temperature coefficients approaching unity, but can have values 
as high as 4. From the foregoing considerations, 16 is clear that it is 
needless to assume that the photosynthetic process involves two 
reactions. It is believed that in high light intensity the chsmical 
reaction (‘Blackman reaction’’ as designated by Warburg) is deter- 
mining the total velocity of the raaotion, because for a ten degree 
rise of temperature between 15° and 25°, the velocity of the photo- 
synthesis is doubled. On the other hand, in low light intensity, the 
temperature coefficient instead of being 2 as wi th intense light, is 
1°06 and hence it has been assumed that the chemical reaction i3 not 
the controlling factor as in the previous case; but the photochemical 
reaction with a low temperature coefficient determin es the photosyn- 
thetic rate at low intensities of light. 

In presence of intense light, the photochemiesl reaction causing 
the photosynthesis and having а moderately large temperature 
coefficient is predominant and the counteracting influence of the 
respiration process, which is not as much accelerated by light as the 
photo synthetic reaction, is nob prominent. On the other hand, in 
presence o? feeble illumination, the velocity of the photosynthetie 
reaction is not high, because this reaction takes place only in light 
and‘is proportional fo the light intensity. In this case, the counter- 
acting influence of respiration, especially at increased temperatures, 
becomes prominent and hence the influence of temperature on the 
observed photosynthetic rate is feeble, 

Warburg (1919) has observed that the temperature coefficient cf 
photosynthesis with the uricellular alga Chlorella is much legs when 
the light intensity is feeble than when it is strong. Thus kt+10/ht 
between 16° and 25° with light intensity sixteen=2°0 and kt+10/kt 
between 15° and 25° with в relative intensity of one=1°'06. 

These results which eppear to have been sonfirmed -by other 
workers oan be explained in the following way. 


It has already been stated that in a plant, the following opposing 
reactions are taking place. 


5 COS - nH30 === 0,H,,0, +nOg 


and the temperature coefficient of photosynthesis is less than that of 
respiration. Hence, when the light intensity is feeble, the velocisy 
of photosynthesis is small and is slightly greater than that of raspira- 
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tion at the same temperature. Now when the temperature of the 
system is raised through ten degrees, the velocity of the photosynthe- 
вів will be increased to a smaller extent than that of respiration. 
Consequently the temperature coefficient of the observed photosyn- - 
thesis may be unity or less. - 

Moreover, in nature when the temperature of the air is high, 
the plants gain no material, through photosynthesis because of the 
high respiration, whilst at lower temperature with the same light 
intensity, food materials are formed in the plant. 

Willstütter and stoll (1918) have reported that leaves of low 
chlorophyll content exhibit a lower acceleration with increasing tem- 
perature than the leaves of high -chlorophyll content. Thus leaves 
of Ulmus with low chlorophyll content showed а temperature coeff- 
cient of 1:94 and with high chlorophyll content of 1:58 between 15° 
and 25°. These results of Willstátter and Stoll can be explained. 
from the view point already advanced. 

The temperature coefficient (1:58) of the ыы with 
chlorophyll-rich leaves is greater than that ‘with chlorophyli- 
poor leaves (1:84), although the photosynthesis is not at all 
directly proportional to the amount of chlorophyll in the leaves. 
Willstátter and Stoll find that temperature variations do not affect 
the rate of photosynthesis of the yellow varieties as much as the 
normal ones. In the yellow varieties, the amount of photosynthesis 
being small; the. compensating influence of respiration becomes 
prominent and hence temperature does not appear to influence photo- 
synthesis with these varieties to the same extent as the normal ones 
with more chlorophyll. | 

Moreover, differences in light oe have more profound effect 
on the yellow varieties than on the normal ones and the time factor 
appears more slowly than with the normal ones. It is well known 
that photosynthesis increases with the light intensity and the chloro. 
phyll content of the leaves. Now in the case of leaves containing 
much chlorophyll, the velocity of photosynthesis will be high and’ 
may reach the maximum, even when the light intensity ів: not high. 
and hence in these cases, the reaction will be less sensitive to ihe. 
influence of light changes, because the reaction is already fast due 
to the presence of large amounts of chlorophyll. On the other hand, 
when the chlorophyll content is small, the reaction velocity is small 
dnd light will affect the velocity more markedly than in the previous 

базе. This explanation is in agréernent with the  óbservations 
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of Willstütter and Stoll that in the chlorophyll-rieh leaves, an 
increase of light intensity was without influence on photosynthesis; 
in fact the light intensity could be reduced by # without affecting 
the rate of photosynthesis. Exactly similar éxhaustjon effect has 
been observed with several photochemical reactions where the velo- 
city of the reaction may be proportional to IŽ or Г ір some cases 
where the reaction is very fast. К 

Even at low temperatures, photosynthesis goes on. Thus 
at —6°, photosynthesis was reported in leaves of cherry laurels by 
Miss Matthaei. In Alpine shade plants, photosynthesis is observed 
at -16°and in lichens upto —20°. Jumelle (1891) reported the 
occurrence of photosynthesis at —25?, —85°, —87° and even 
at —40°. Whilst with plants growing in warm, temperate, sub- 
tropical climates and water plants, photosynthesis stops between 
0? and 2° and in tropical plants, it stops between 4° and 8°. 

On the other hand, many plants resist high temperatures fairly 
well. Thus McGee (1921) reports that joints of a prickly pear ` 
attains a temperature of E5? without any visible harm. Wurmser 
and Jacquot (1928) have observed that several marine algae, when 
warmed upto temperatures varying from 86° to 46° for & period 
varying from 1-15 minutes show a smaller velocity of photo- 
synthesis when brought back to their normal temperature (16°). The 
decrease of photosfnthetic rate depends upon the temperature and 
the period for which the plants were subjected to the high 
temperatures. 


The Phenomenon of '' Solarisation ”. 


It ів well known that поб only high temperature but also long 
exposure to strong light affects photosynthetic activity. Thus 
Ursprung (1917) observed that a leaf of Phaseolus after 5 hours of 
illumination showed very deep coloration of the starch-iodine, while - 
after 8°5 hours’ illumination, the reaction was faint. This pheno- 
menon can be observed with almost any source of light of sufficient 
intensity and the time required is proportional to the light imtensity. 
The effect is first brought about in the red-orange portion, the region 
showing the best photosynthetic activity. With higher intensity, 
the shorter wave-lengths bring about in shorter time and it is apparent- 
ly proportional to the photosynthetic activity of light. Ursprung 
has called this phenomenon “ solarisation " as it is analogous to the 
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phenomenon. of so-arisation observed in photographic plates under 
‘similar circumstances. 

It is expected that not only with starch but with other carbo- 
hydrates, similar eff2ct will be observed. This behaviour has been 
ascribed to the inectivation of chloroplasts. After long exposure to 
intense light, the plent organs are assumed not to function, although 
they are not killec and on keeping in the dark for a period, again 
produce starch, normally. * . 

The inhibiting effect of long exposure to light of high intensity 
on photosynthesis has long been studied by Ewart (1897) and the 
inhibiting effect has been ascribed to the destruction of chlorophyll. 
Pantanelli (1908) explains the fatigue effects observed by him in 
bright light from the viewpoints of chlorophyll destruction and injury 
to the chloroplast plasma. Тһе observations of Ewart on Allium 
cepa, which does rot form starch, indicate that when leaves.of this 
plant are exposed to bright light for 14 days or for a shorter period 
while being fed with sugar, the evolution of oxygen finally ceases. 
This inactivation apparently does not injure the cells or chloroplasts. 
After в few days in darkness, the capacity for photosynthesis is 
regained. _ : ; 

The foregoing fants are explained from the following considera- 
tions. | 

In plants the fallowing equilibrium exists: 


nOg +nH,0 == CnHy,0, +nOo 


The direct actior: (photosynthesis) is being opposed by tho reverse 
reaction (respiration), which will increase, according to the law of 
mass action with ircrease in the concentration of the carbohydrate, 
which is a product of photosynthesis, Consequently, with accumula- 
tion of carbohydrates or when the plants are fed with sugar, as was 
done by Ewart, photcsynthesis is retarded and may stop altogether 
-when the carbohydrate content becomes very high. When the 
illumination is high and it lasts for a long time, the carbohydrate 
content increases ana along with it the respiration also increases, 
and thus the photcsynthetic velocity falls off with time even 
when the illumination is continued. After & time, the respiration 
will more than ccunterbalance photosynthesis and the carbo- 
hydrates formed by the photosynthesis will be oxidised to carbon 
dioxide and water and will disappear on prolonged exposure, 
When the carbohydrates disappear the photosynthesis will again 
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begin. It has been known for along time that the photosynthetic 
rate decreases with accumulation of the products of photosynthesis. E 
Moreover, Saposchnikoff (1898) has demonstrated the inhibitory 
power of an accumulation of carbohydrates and that these cannot 
increase beyond a certain point. When the leaves of Vitis vinifera 
contain 28 to 20% carbohydrates of dry weight,  photosyn- 
thesis ceases and respiration predominates. Saposchnikoff has shown 
that as carbohydrates accumulate, decréase of photobynthetic rate 
takes place, whilst a decrease in the carbohydrate content results in 
an increased photosynthesis. These results are evident from the 
viewpoint of the reversible reactions already put forward. | 

Morecver, there are two other factors, which increase respira- 
tion, should be considered, vis., (i) influence of light intensity on the 
respiratory process, and (7) influence of increased temperature caused 
by prolonged light absorption. 


Compensation Point. 


to. 


The compensation point, i.e., the light intensity аб which the 
photosynthetic and respiratory activities of the plant compensate 
each other, decreases with decrease of temperature as will be evident 
from the following Sable. 


Plant. Intensity at 20°. Intensity at 6°. 
Spirogyra 174 067 

^ .' Fontinalis 150 40 

'*  , Qladophora 258:8 © | 69:9 
Oinclidotus  - 400 - 75 


The foregoing resulis show that the light intensity which at 20° 
represented the compensation point produced an evolution of oxygen 
due to photosynthesis at 5°. 

‘With Cladophora, with increasing temperature, the compensation 
point rises more rapidly than the rate of respiration ‘determined in 
the dark; an increase of temperature from 5° to 95° causes "the reg- 
piration to become 4'8 times greater in the dark, whilst the light 
intensity increases to 6°69 times. 

‘The foregoing results as well as other facts regarding the com- 
pensation point can be explained from the following considerations : 

1. - Photosynthesis is proportional to the ight intensity; there 
"being no photosynthesis -n the dark. - 
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2. Respiration takes place in the dark but is appreciably accele- 
rated by light. - 

‚ 8. Ап increase of temperature affects respiration more markedly 
than photosynthesis. 

The fact that the compensation point rises with increase of 
temperature is due to the greater increase of respiratory activity than 
photosynthetic activity with increased temperature. The respiratory 
activity of the plant, which counterbalances the photosynthetic 
process, increases much more than photosynthesis at higher tempera- 
tures and consequently, the light intensity must be increased to 
cause more photosynthesis to counteract the increased respiratory 
activity. There is another reason for further increase in the respira- 
tory activity of the plant. Hitherto, it has been assumed by most 
of the plant physiologists that the process of respiration is not 
accelerated by light. But it is evident from the researches of Dhar and 
collaborators (vide, ‘‘ New Conception on Biochemistry’’) that animal 
metabolism is markedly accelerated hy light absorption. Hence, it 
seems pretty certain that the respiratory process taking place in 
plants is also accelerated by light. Consequently the respiratory 
activity of the plant is accelerated by two agencies, e.g., temperature 
and light intensity and thus the light intensity required for increased 
photosynthesis in order to counteract this high respiratory activity 
should be very high. Thus with increasing temperature, the com- 
pensation point should rise more rapidly than the rate of respiration 
because of its additional enhancement by light absorption and this 
is clearly borne out from the experiments on Cladophora in which an 
increase of temperature form 6° to 25° causes the respiration to 
become 4'8 times greater when determined in the dark, whilst the 
light intensity increasee 6°69 times, for the compensation point. 

$ is evident that under certain circumstances, when the 
temperature is high and the light is intense, the compensation 
point may not be attained even with intense light and the plant 
will evolve carbon dioxide like an animal even in presence of 
light. This is likely to happen frequently in tropical countries 
where at the sea level, the heat rays of the sun become very 
prominent and the temperature of the plant will be high and 
photosynthesis cannot counterbalance respiration under these 
circumstances. At higher altitudes, the light rays are more active 
than atthe sea level and it is expected that at these altitudes, 
very seldom, respiration will exceed photosynthesis in sunlight, 


беч 


176 | М. В. DHAR 


These conclusions are corrborated from the experimental results 
of Hardar (1921) with sea plants in the polar zones where the 
light intensity is not very high. Thus Hardar racords the following 
ratio of photosynthesis and respiration for differant temperatures 
were obtained. 

90*-99* 0'588 0-4427 02280 

@°-8`°5° 1°608 0'0207 « 2'059 

The position of the compensation point of & plant with reference 

to temperature is naturelly of great importance to the life of the 
plants and its relation to the environment. 


Formaldehyde in Dew and its Formation from the Photo- 
oxidation of Organic Compouncs. 


Dew: has been found to contain appreciable amounts of formal- 
dehyde. The quantity of formaldehyde is generally greater in 
dew than in rain water. The origin of the formaldehyde 
іп dew seems to be the photo-oxidation of organic matter present : 
on the surface of the soil. When solutions of organic substances 
like acetic acid, citric acid, glycine, malic acid, lactic acid, glycogen, 
acetone. etc., are exposed to sunlight and air, formaldehyde is 
readily formed. Dyes like malachite green, methyl] violet, 
methylene blue, 8tc., also form formaldehyde readily on photo- 
oxidation. Tartaric acid, butyric acid, propionic acid snd some 
dyes form smaller quantities, whilst oxalic acid, formic acid, glucose, 
cane sugar, starch, histidine, etc., produce very small amounts 
of formaldehyde from photo-oxidation. 

It seems likely that the energy generated in the photo-oxidation 
of these organic Bubstanees supplies a part of the energy for the 
photo-formation formals We are of the opinion that in 
nature, the photosynthesis that is.taking place in the plants is aided 
by the energy obtained in plant respiration, which goes on as 
long as the plant lives. The ease with which formaldehyde or 
other energy-rich compounds are formed in plants is partly due to 
their getting a constant supply of energy from the oxidation of 
the food materials present in the plant. We have postulated that 
the most important chemical change in the formation of carbo- 
hydrates in planis and in the formation of formaldehyde in nature 
from carbon dioxide and water is the photolysis of water into H 


and OH. The amount of energy required to decompose a gram 
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molecule of water into H апа OH is approximately the same 
as that necessary for the formation of a gram of mole of formalde- 
hyde from carbon dioxide and water. These are highly endothermal 
changes requiring radiations of wave-length 2550 A (1,12,000 
calories). In nature, however, photosynthesis takes place in visible 
light especially the red. We are of opinion that the energy 
derived from respiration,in the plants already supplies a part 
of the energy necessary for the photosynthesis and thus render- 
ing the photo-decomposition of water possible by longer wave-lengths. 
Although the adsorption of carbon dioxide and water by the 
chlorophyll of the leaf may partially activate these substances 
just ‘as the adsorption of hydrogen and oxygen ona platinum or 
palladium surface renders them active, it appears to us that this 
activation of carbon dioxide and water by their adsorption on the 
leaf surface is less important than their activation by the absorp- 
tion of energy from respiration. 

There is an intimate relation between respiration and photo- 
synthesis in the plant kingdom, because photosynthesis cannot 
proceed without the energy available from respiration for the 
partial activation of carbon dioxide and water vapour. The need of 
the presence of oxygen in photosynthesis is also explained from the 
same pcint of view. | 

It is easier to obtain from formaldehyde or any.other energy rich, 
compound from carbonic acid or bicarbonate solutions on ex- 
posure to light when а suitable exothermal reaction is taking place 
in the system along with the photosynthetic reaction. 


A Theory of Carbon Assimilation. 


The following appears to be the important steps in carbon 
assimilation. | р 
(1) Partial activation of carbon dioxide and water ab the leaf 
° surface due to their adsorption by, chlorophyll and other plant 
pigments. It seems that chlorophyll and carotinoids present in 
the leaf act as photosensitisers and as reducing agents in the photo- 
reduction of carbonic acid. (2) Further activation of the adsorbed 
CO, and water by absorption of в part of the energy available from 
respiration and the oxidation of carotin and the formation of 
activated carbon dioxide and water as products of respiration. 
(3) Absorption of light by chlorophyll and other pigments and the 
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dissociation of activated water molecules in the leaf surface into 
H and OH and the reduction of activated carbon dioxide molecules 
to formaldehyde by the atomic hydrogen produced from the 
sensitised photolysis of water. The amount of energy required 
to decompose a gram mole of water into Н and ОН ів the same 
a3 that necessary for the formation of a gram mole of formaldehyde 
from carbon dioxide and water. (4) The polymerisation of formalde- 
hyde to reducing sugars. (5) The formation of hydrogen peroxide 
from OH and the rapid decomposition of Н.О. into water and oxygen 
on the leaf surface. 

The polymerisation of formaldehyde in vitro to reducing sugars 
is an exceedingly slow process even in presence of light. We have 
shown that it is accelereted by ferric salts. Moreover, it is known 
that in presence of alkali, “reducing sugars are formed from 
formaldehyde. Light accelerates this reaction. How the formalde. 
hide formed on the leaf surface undergoes rapid polymerisation is 
still unknown. ‘This theory of carbon assimilation appears to 
kave more experimental evidence in its favour than those of 
Willstitter, Warburg, Wurmser and others. 

It is interesting to note that the botanists are also realising the 
importance of chemistry in plant metabolism, asis evident from 
the following statement of R. W. Thatcher, an American botanist 
of repute :—‘' Hence we may say that the methods by which the 
plant machine (protoplasm) accomplishes its results are easentially 
and definitely chemical in character and may be studied purely from 
the standpoint of chemical reactions’’. 


The Complex Formation between Cerium or Tungsten 
with Tartario Acid in Alkaline Media. 


By В. Raman AND B. L. VAISHYA. 


Walden (Ber., 1897, 80, 2889) found that if uranyl salts are added 
to the active modifications of hydroxy acids, the optical rotation is 
changed and reaches a maximum, when the molecular proportions 
of the hydroxy compound to the saltis1:1. This was afterwards 
studied by Grossmann and also by Darmois (Comt. rend., 1928, 177, 
49) who also came to the same conclusion and attributed this change 
to & complex formation. The effect of antimony, boric and arsenic 
oxides, on the optical rotation of tartario acid was studied by Gross- 
mann (Z. physikal. Chem., 1907, 57, 588), that of the boric being 
recently re-investigated by Darmois (Compt. rend., 1980, 190, 871). 
The effect of tin on tartaric acid has been investigated by Dumaski 
and Kniga (Л, Ruse. Phys. Chem. Soc., 1928, 60, 320), that of hafnium 
and zirconium by Boer and Emmens (Rec. trav. chim., 1980, 49, 855), 
that of copper by Giuntini (Compt. rend., 1980, 191, 778), and that 
of molybdie acid in alkaline media by Darmois (Trans. Faraday Boc., 
1980, 26, 384; compt. rend., 1928, 176, 1140). Recently the influence 
of thorium salts on the optical rotation of tartaric acid, and tar- 
trates was undertaken by Darmois and Yen-ki-Heng (compt. rend., 
1982, 194, 708). АП these workers came to the conclusion that a 
complex formation takes place in such cases. Henderson and Pren- 
tice (J. Ohem. Soc., 1908, 88, 260) have observed considerable 
change in rotation when molybdic and tungstic oxides are dissolved 
in lactic acid and potassium lactate. 

In this paper an attempt has been made to study the effect of 
cerium and tungsten salts on the optical rotation of tartaric acid 
in alkaline media and to see if some complex formation takes place. 
The same result was also verified by another independent method, 
that of noting the change in p, values of the substance by в. т. f. 
method, using hydrogen electrode. 
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EXPERIMENTAL, 
Cerlum Chloride and Sodium Tratrate, 


Table I gives the results obtained with the polarimeter. It will 
be observed that the specific rotation goes on increasing with 
increasing amount of cerium chloride and reaches a maximum, 
when the solution contains 2 mols. of cerium chloride and 2 
mols. of sodium tartrate. Following Henderson and Prentice 
(loc. cit.) [a], has bean calculated from the formula 


2°‘[wt. of Na-tatrate and wt. of CeClg] 


TABLE I. 
Na-tartrate OeOls Corresponding Molar prop. as [a] s, 
in 50. o. o. added. wih. of CegOs. Na-taré : Tp * 
Ce30s. 
0:26 g. 0 0 1:0 ~ 40:80 + 98°85 
" 0194 g. 0:055 в. 1:0°9$ + 0*60 +476 
е 048 0'110 1:050 +0°80 + 1 
0-89 0498 0919 1:088 +180 +789 
0:26 0:498 0219 11 +1790 + 68-9 
0°26 0°620 0:278 l:i'95 — 1:20 + 50:8 


It was found that on diluting the solution there was no marked 
change in the specific rotation of the complex formed; but the 
temperature had an appreciable effect as is clear from Table П. 


Тавг II. 
Temp. o 25" 40* 50° 
a, e + 189. + 1-90 + 910 
[sd]; ws +189 + 78°02 + 8678 


Table ПТ contains the results obtained by the в. m. f. methcd. 


COMPLEX FORMATION BETWEEN CERIUM, ETC. 181 


Tasen III. 


Temperature — 18^, 


Molar prop. of 
Na-tart : о, ee 1:00 1:05 1:050 1:0'60 1:075 
Pa ... i110 11'81 12°89 12°48 12°68 


It is remarkable to find that e. m. f. observations also show a 
rapid change in the pu at the same place at which complex forma- 
tion is observed with the polarimeter. 


Cerlum Nitrate and Sodium Tartrate. ` 


TABLB IV. 
Na-tartrate Се(МОз)з Corresponding Molar prop. as [a]2* 
in 50 о.о. added. wk. of 0603. Na.tart : r Е 
0ез0:. 
1'941 g. 0-0 0 1:0 -9'06* 480" 
"T à 0°661 g. 0'250 в. ‚1:0°95 +2'70° +80°8° 
n ` 1:822 0:500 1 :0°50 +8°05° +40°1° 
8:918 2'644 " 1000 | 1 :0'66 +7'56° +48'8° 
17941 1'983 0150 1:075 * +5'10° + are? 


Effect of temperature on the optical rotation of the -mixture at 
the compound formation is shown in Table V. 


TABLE V. 
Temp. ... ab" -  40* 50° 
а, avs + 7'55* + 765° + 790* 
[a]; 30: +48" 8° +48" 9? + 50* 5° 


Table VI contains the resulta of e. m. f. measurements and рь 
calculated. 


TABLE VI. 


Molar prop. " 
Na-tart: CegO4 ... 1:0 1:025 1:060 1:066 1:075 1:100 


Pa „ 1807 04 1898 1881 1902 18°38 
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15 will be seen that в. т. f. measurements also show the 
complex formation at those concentrations at which polarimetric 
investigations also indicate the formation of complexes. In order to 
see if sodium nitrate has a depressing effect on the complex formed, 
the ratio of the complex formation with sodium tartrate and cerium 
chloride was taken with excess of alkali, 20 с.о. of M/15- NaNO, 
were added and the solutio was made up to 100 c.c., the specific 
rotation observed was the same as that with scdium tartrate and 
cerium nitrate. On the other hand ‘if 20 o.c. of М /16- NaCl were add- 
ed to the complex formation between sodium tartrate: and cerium 
nitrate, there was no effect, the specific rotation being the same. 


Sodium Tungstate and Sodium Tarirate. 


Tass VII. 
Na-tartrate ~ Na-tungs- Molar proportion 
"а 60 в.в. ' tate added. - . Na-tartrate : Ne- 
tungstate. 
08879 g. ; 0 1:0 
` 01680 g. 1:025 
0-8800 1:050 
0°4950 1: 0°75 
*0*6600 1:1'00 
. Tase VIII. ` 


10 
a, a 


+0°50° 
+0°75° 
+1°00° 
+1°00° 
+1°00° 


Effeot of temperature at the compound formation. 


Temp. ése 20° 40° 

в Ж + 1:00? | + 1'80° 

[3], ер + 86°6° | +45°0°- 
Tasun IX. 


Resulte obtained by e.m.f. measurements, 


: [а]2°. 


814° 
88°2° 
85°6° 
:98-1° 
24-0? 


50° 
+ 1°40° 
+ 48°6° 


Molar prep. Na-tart : Na-tungstate ... 1:0 1:025  1:0:50 1:0°75 1:100 


fu calo. (Temp.—18*) ... .. 1040 11°89 11°59 11°89 


11'88 


The complex formation in this case is indicated at tle same place as 


that cbserved by the optical method above. 
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Potassium Tungstate and Potassium Tartrate. . 


TABLE X. 
Temperature 20° 

K-tartrate Kaw, Molar prop. 40 £0 в.п. }. 

in 100 o.c. added. ен : ар. [a], | obs. (volte). D. cuis 

à YY O4. 

04520 g. 0. 4 1:0 +0'90° +2286” -—04074x9'086 82 
01680 д. — 1:0:25 4-0'50* +40-64°  —0'4286 8*9 
0°8260 1 :0°60 +0°95° +61°08° —0:6008 11°5 
0°4890 1:075 +0°951° --50'98* — —0'4090 114 
0:6520 0:0 40:050? 449700? —0'4801 10:8 

D1I80U88ION, 


Any compound formed by the interaction of the cerium or tungs- 
ten salt, with the normal alkali tartrate will be of the formula 


= (RO) COOM 
CHO (RO) COOM 


where № represents the foreign substance and М, the sodium 
or potassium atom. This view is strongly held by Darmois 
(Bull. Soc. chim. Belg., 1927, 36, 64) who describes the formation 
of such compounds or complexes and says thaj those which are 
stable in excess of alkali, combine with the alcoholic hydroxy, 
group of “the acid, thus forming the compounds of the 
tartar emetic type (Henderson and Baar, J. Chem, Soc., 1899, 78, 
542). It is observed from our work that when cerium nitrate or 
cerium chloride is added to an alkaline solution of tartaric acid, the 
optical rotation is increased and reaches a maximum, when the 
molecular proportions of cerium salt to tartrate is in the ratio of 2:8. 
It is probable that this change can only be due to the formation of 
new optically active compound or complex by the interaction of the 
inactive foreign substance and the active acid, the plausible formula 
of which appears to be on the basis of the views held by Darmois 
(loc. ott.) вв 2CegO, : (O,H.,06M3)s. 

In the case of the tungsten salt the maximum rotation is obtained 
when the solution contains 1 mol. of the tungstic apid and 2 mols. of 
the tartrate, the complex formed will have а formula as МО, 4 
(С«Н4ОзМ»)з. 

When we examined the various solutions by, an e.m.f. method 
and calculated the рд values, we found that аё the same point as 


deme Mh Mti 
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indicated optically, there is a complex formation denoted by means of a 
rapid change in the рь. It is remarkable that at the point of complex 
formation in the сазе of cerium chloride, the рь value is maximum, 
while in the case of the tungstic acid it occurs at the minimum. 

By comparing the results of Tables I and IV, it will be found that 
the specific rotation observed in the case of cerium chloride and 
sodium tartrate at the complex formation is higher than that 
obtained for cerium nitrate and sodium tartrate. Tt і in these two 
cases, the complex formed is the same, the same specific rotation 
should be expected. The presence of neutral salts like №01 and 
NaNO,, however, has some effect on the specific rotation of salts 
and esters of tartaric acid (Darmois, Trans. Faraday Soo., 1980, 26, 
884; Ann. physique, 1928 10, 70). Darmois describes the negative 
effect of sodium chloride in the rotatory power of tartrate ion but 
has not investigated the effect due to sodium nitrate. Mallemann 
(loc. cit.) has described the effects of chlorides and nitrates of the 
alkali metals on the rotatory power of tartaric acid in aqueous solu- 
tions to be that of depression and is greater with the chlorides than 
with the nitrates. Our results obtained are in harmony with the 
views of Mallemann at least under the conditions of the ршен, 
using excess of the alkali. 


: SUMMARY. 


`1. The complex formation between sodium i&rírate and cerium 
salis was studied in aikaline media by means of в polarimeter and 
potentiometer and № was found that в complex formation thus 
takes place when the molar proportions of sodium tartrate and 
cérium salt is 8:4. 

2: The complex formation between alkali tartrate and tungs- 
tates was also studied in alkaline media. The complex formation in 
this ease is with two molecules of tartrate and one molecule of 
tungatic trioxide. | 

3. It was observed that the p, value of cerium salt complex 
isiat a maximum, where it is also maximum for tungsten complex. 

| 4. Specific rotation of the complex when cerium nitrate was used 
was found vo be higher than that when cerium chlcride was used. 


Our thanks are due to Mr. Jang Bahadur Jha for his kind help 
in the case of e.m .f. measurements. 
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Catalytic Oxidation of Toluene in the 
Vapour Phase. 


Br J. К. Сномоновх AN» В. C. CHOUDHURY. 


Toluene may be oxidised in the vapour phase to benzaldehyde, 
benzoic acid or carbon dioxide and water according to conditions 
and nature of catalysts used. The reactions taking plase may be 
represented by the following equations: 


(1) НОН» +0, = C,H,'CHO+H,0 +92800 cal. 
(2) C,H ,’CH, + 80 к= ©вН5`СООН + Н.О + 162,500 eal. 
(8) СН, 'ОН, +903 = 760. +4Н%О + 984,400 cal. 


Traces of anthraquinone may also be formed but the amount 
being very small, itis left out of consideration in this work. It 
is evident from the above equations that low temperature and excess 
of oxygen will favour the formation of carbonic acid. high tempera- 
ture and less oxygen will favour aldehyde formation, while moderate 
temperature will be necessary for benzoic acid. It will be seen 
from the experimental data that this is actually the case, though 
very high temperature and prolonged contact with the catalyst favour 
complete combustion of toluene. 

Different catalysts have been used by different investigators for 
the partial combustion of toluene and other sromatic hydrocarbons. 
Thus, metallic platinum was used by Coquilon (Compt. rend., 1875 
80, 1089), and by Wood and others (ibid., 1907, 118, 127). Oxides 
of nickel and cobalt were also found useful (F. P. 879725, 1907) 
while oxide of vanadium either alone or mixed with molybdenum 
trioxide and other oxides was found particularly suitable by Walter 
(J. pr. Chem., 1892, 48, 107) Gibbs (Ind. Eng. Chem., 1919, 11, 
1081) and others, while Maxted (J. Soc. Chem. Ing., 1928, 47, 481 
used tin vanadate as catalyst. Various catalysts have been used 
in these investigations and satisfactory results have been obtained 
with tin vanadate, specially when mixed with silica gel, alumina 
or active carbon, 
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In carrying out the oxidation, the following procedure was 
adopted. The reaction tube consisting of a glass combustion tubing 
(23 x 1”), packed in the middle with about 10 c.o. of the catalyst 
in the form of small porous granules, was heated in an electric 
furnace, the temperature-of which was regulated by a rheostat and 
noted with a thermometer -with “a bulb placed in the catalyst bed. 
Air freed from carbon dioxide was passed with the help of a Cenco 
blower after dividing it into two sections; primary and secondary, 
each being measured separately with the flowmeter. The quanti- 
ty of air was controlled by regulating’ the speed of the motor and 
by means of pinch-cocks placed on “the /passáge.. The flask 
containing a constant volume of toluene was heated in a thermostat, 
‘the primary air passed through the flask and laden with toluene 
vapour entered: the~reaction- chamber.. Just before entrance into 
the reaction tube, the toluene laden primary sir was mixed with 
secondary air, heated. in an oil-bath. The tube connecting the flask 
end the reaction tube was coiled with nicrom wire and heated éleo- 
trically to prevent condensation of toluene vapour. 


The products of oxidation were led through a test tube constricted 
at the centre and plugged with glass wool and perforated at the closed 
end. _ Benzoic acid collected-in the constricted portion of the tube 
while benzaldehyde and carbonic acid passed through the perforations 
and were absorbed by standard baryta.solution. Benzaldehyde was 
estimated in this -solution by the addition of КНВО, (Sutton, 
‘Volumetric Analysis’, р. 311) while carbonic acid was estimated 
from the precipitate consisting of barium carbonate with the help of 
Schroedter apparatus. Benzoic acid deposited in the-constricted tube 
was estimated by extraction with neutral restified spirit aud titration 
with alkali. When the rate of flow of toluene vapour was rather fast, 
a small portion of benzoic acid passed out and dissolved in the barvta 
solution. This portion of benzoic acid was estimated by titrating 
the clear baryta solution with hydrochloric acid. 


The quantity of toluene passing through the reaction tube was 
obtained from the differénce in the weight of the flask containing 
toluene before and after each experiment. 


The preparation of the catalysts and their Incorporation with 


supports are dealt with later. Only pure Kahlbeum chemicals were 
Used for the purposs. aes AS А 
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S | Study of Nickel Catalysts. - ' 


. Nickel ovide.—As very meagre practical details of the work of 
Wood, who obtained small quantities of ‘benzaldehyde from toluene 
with nickel oxide as catalyst, are available we re-investigated the 
catalytic properties of nickel oxide. | MEME 

А solution of pure nickel nitrate was precipitated with excess of 
pure. Caustic soda which was added very slowly with constant; stir- 
ring. The précipitate was thoroughly washed with distilled water 
and dried at 110° and made into à large number of small pills i in the 
moist state by application of minimum pressure between the fingers, 
so that the pills might retain a loose spongy structure. The pills 
were then packed between asbestos fibres and dried at 200°. 
Tt’ will be seen from the experimental data given in the following 
table that nickel oxide is поб very active below 280°, 
the yield of benzaldehyde is fairly good but that of benzoic acid very 
poor. Ав is to be expected, the yield of benzaldehyde rises with 
temperature and liberal supply of air. 


EN 
^ r 


TABLE la. 


Catalyst—Nickel oxide. Volume of the catalyst space =10°5 б.с. 
Temp. of $егшов$86==46°.` Temp. of the secondary air=70°, 


Space Velocity. Products on toluene used. 

Hun Temp. Primary Secon- Benzoie acid. Benzaldehyde. CO, 
No. air. dary air. 

1 290° 800 ~ 800 9% 6:896 

2 820 400 1000 81 T2 4'8% 

8 820 500 1200 —— 48. /— _ T8 94 
`4 77 880. .- . 500  -^- A500 = 6'9 7-6 - 9D 

5 ..890. 800 :.. ` 1110 c 58 `7 L8 

ТАвьЕ 1 b. 


| ‚ Values calculated from data of Table Ia. 
Producte on lane attacked, 


Run Toluene | Toluene 
' No.  &&tacked.- - Benzoio acid. Benzaldehyde. СОО destroyed. 
2 — 1008*X 81 % . 19%... . 48% 144 % 
^8 "1108 | 891 . "09 80 9 9'3 
4 19°66 54 ` 59:8 99:8 6°84 
5 11-6 ` 50 68-1 11-2 386 


Run number gives the number of successive runs with the same catalyst and 
` indicates the efficiancy of a catalyst on continued use. 
Space velocity :— The velocity of'all air currents is expressed as space velocity, 
namely, с:с. per hour per с.о. of the catalyst space. 
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(b) Metallic nickel-mounted on alumina.—A mixed solution of 
pure nickel and aluminium nitrates was precipitated with excess ої 
caustic soda, washed thoroughly and dried at 120°. 20G. of these 
materials in the form of pills were packed between asbestos’ fibre and 
reduced in a current of hydrogen for about 24 hours. 

It will be noted from Table II that yields of benzoic acid 
and benzaldehyde ere not satisfactory when the rate of flow is 
increased. Toluene passes through the estalyst layer unoxidised, 
while too low a velocity causes complete combustion. 


TABLE II. 


Catalyat—Metallio nickel mounted on alumina. Volume of the 
catalyst space=10 c.c. Temp. of toluene bath —50?. Temp. of the 
secondary air= 75°. 


. Temp Primary air. Secondary air. ` Benzoic acid 


on toluene used. 
280° 500 1100 25% | 
290 200 600 : 7-5 
290 7 500 . 1100 8:6 
800  - : 200 500 91 
880 . 200 " 600 8'g 
880 200 600 8g 


(o) Partly reduced nickel ozide.—The oxide was preparedin the 
usual manner, dried at 110° and reduced in a current of hydrogen at 
810^. It was found that little improvement was attained by reduction 
of the oxide for 15 hours but much better results were obtained by 
partial reduction of nickel oxide in & slow current of hydrogen for 8 to 
4 hours only. 

_ It appears that the presence of small amount of Drai oxide of 
nickel is favourable for catalysis. It was apprehended that the lower 
oxide would be easily oxidised to the higher state in the presence of 
air and the activity of the catalyst would suffer but as the figures for 
repeated runs will show (Table III a), this apprehension has provad 
groundless. Once ihe reaction is started, the lower oxide ів evidently 
reformed by the oxidation of toluene vapour; 
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"TABLE III a. 
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Oatalyst— Nickel oxide reduced in a slow current of hydrogen for 
8 to 4 hours at 810°, Volume of the catalyst space=10 1 с.о. Temp. 
of the thermostet= 45°, 


10 


Run No. 


OO чо wD M 


10 


Temp. 


290° 
200 
820 


Toluene 

attacked. 
15°85 $ 
15°87 
21:694 
26°75 
27°984 
24417 
28:898 


Temp. of the secondary вш=70°. 


Products on toluene used. 


Eus ae ET | s B. c 
"n 900 5'23% 117% 59% 
800 1700 10:8 81 2-4 
800 1700 11'8 8:0 9-1 
1000 2500 168 10'@ 0°05 
» T 20 18'1 0°12 

1500 8500 18°9 1231 

1500 3500 101 101 8-6 

1500 8600 9°6 181 149 
" Т 8'2 17:6 141 

1000 2500 57 ° — 359 174 
TABLE ПІ b. 
Producta on toluene attacked. 

Benzoic ^ Benzalde- СО. Toluene 
acid. hyde. destroyed. 
85°3 % 786 % 808 % - 9-24 % 

- 67°9 - 509 15 4:5 
17-8 473 0:2 0°08 
74°6 48°8 0'4 0'12 
86 57°6 80°7 021 
398 742 61 188 
24'4 68°2 74°6 2298 
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(d) Partly reduced nickel oxide mounted on alumina.—Still better 
results were obtained by incorporation of slightly reduced nickel 
oxide with small quantities of alumina. The activity. of the nickel- 
alumina catalysts, however, varied according - to the proportion 
of nickel and aluminium. From a solution of nitrates nickel and 
aluminium were precipitated with caustic soda, washed carefully and 
dried at 110°. It was then reduced in & current of hydrogen for 94 
hours at 810° and ocoled in a current of hydrogen. It avas found that 
the presence of 10—20 % alumina in a mixed catalyst gave the most 
satisfactory results. By varying the temperature either the acid or 
the aldehyde could be obtained in good yields. The lower tempera- 
ture (820—40?) is favourable for acid formation while higher tempe- 
rature (420--50°) is suitable for the formation of aldehyde. The 
difference of 100? is great enough to allow regulation of temperature 
to obtain either the acid or the aldehyde: as the main product. In 
the following Table IV a the data obtained with only one alumina- 
nickel catalyst are given though several such mixtures were tried as 
catalysts. 


TABLE IV a. 


Catalyst — 20%, alumina and 80% partly reduced nickel oxide. 
Volume of the @atalyst space—10'2 c.c. Temp of the ther 
110868% = 50°, Temp. of the secondary air=70°. 


Space velocity Products on toluene used 
Run No. Temp. Prim. ‚Вес. Benzoio Benzal- 003. 
мг; - а. - acid: dehyde. 
1 995° . 600- 1500 142 % 
9 295 500 1000 148 г 
8 800 1200 ` 9500 `- 188 
4 380 0 8000 98'7 
б 890 1200 2500 20% 
6 840 1500 3100 981 8'8 % 
7 840 — T 814 T9 - 02% 
e 420 " » 48 19:4 14:8 
0 450 ji ET 9-9 12:9 13-3 
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Tapia IV.b. 

ps 3 7 207 Producta on toluéne attacked ene 

Run No. Toluene ^ Benzoio , . -Bensal- . OO, „ сене 
attacked. - ^ acid." > ^ dehyde.  - destroyed. 

'6.. 8904 4^ 710949 ^ -96 € © E [s 
5 80488 : 109 2:969 E % 018 3 
8: — 895178 177 564 —.-ar8 Б ` 1635 -- 

с. абз -- ада 2.2587 "wa 298.. 


— `- = Étudy.of Vanadium Oatalysis. awe 


(a). Aluminium vanüdate.—In view of the ehcouraging result 
obtained ‘by mounting partly reduced nickel oxide on alumina, we 
applied this support to the well known catalyst vanadium pentoxide 
whose high activity has already been referred to. коз 

To & solution of pure aluminium nitrate an-excess of a solution 
of Bodium vanadate was-slowly added with constant stirring. The 
precipitate was washed, thoroughly: dried at 110° and formed into 
porous globules. It will be observed that the yield of either the 
&oid or ihe "e ig not up to expectation. | or rout 


f ст 
« t 
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Catalyst—Aluminium vanadate. Volume of the catalyst space 
= 11*6 о.'о. Temp. of the thermostat=50°. Temp. of the secondary 
air= 65°. . - 


5 4 = Р " 
^ þ X 


Space velocity. -~ '^- Yield'of products on:toluene used 
мар . Prim. Bec. Benzoio acid. ^ Benzaldehyde. >  O04.- P 
Bir. —— air. . E | 
980" . 800 600 26°02 % 48% — 11% 
Pu Hoi ae. ЛӨ За 41 --— 18 
820 „ С 94 7 вв 41 
" mat № _ 192 O88 > 89 . 
380 - 200 ` 500 09898 о 108 — ^ {8 
850 800 100 94:8 аз .. тз 
880 ^ 400 9o — ) 994 :' шз à 
450. Swit a Oe у, mus м. 


9500 -I вә "^- . ws 0-66 - 
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ТАвшк V b. 

Toluene Products on toluene attacked Toluene 
used. deatroyed. 
| Вепяо!с acid. ^ Benreldebyde. 003. 

19'696 102°6% 346% 5.1% L'51% 

28`7 86 85°4 17:8 5°19 

23°05 85-4 97:8 * 16°96 | 5°088 

281 86 86°9 15°8 4°59 

17°28 49°4 65°2 21°7 6°51 

22°84 1097 18-5 57 1°67 


(b) Vanadium pentoxide incorporated with silica gel.—Hydro- 
chloric acid (d 1°05) was added drop by drop to & concentrated 
solution of sodium silicate with mechanical stirring. After washing, 
the precipitate was incorporated with a solution of ammonium 
vanadate and rubbed well in a mortar. It was dried first on water- 
bath and апау аё 110° and was used in the form of small porous 
balls. It wil be observed from Table VI a that the results ere 
more promising than any obtained previously. A maximum of 
41:296 benzoic acid is obtained at 290°, the rate of flow of primary 
air being 200 and secondary air 500. On raising the temperature and 
the rate of flow of primary and secondary air, benzaldehyde is obtain- 
ed in large amounts, Reduction of the rate of flow favours complete 
combustion. 


TABLE VI a. 


Catalyst—BSilica gel and vanadium oxide. Volume of the 
catalyst space-10'0 e.c. Temp.=50°. Temp. of the secondary 
air= 75°. 


Run Temp. Space velocity. Yield of products on toluene used 

No. Prim. air. Seo. air. Benzoic acid. Benzaldehyde. CC. 
1 380° 90 500 38 % 28% 8'8% 
2 290° 200 500 41:2 8 8'9 
8 290° 500 1500 28 7-9 81 
4 290° 200 500 401 8°2 90 
1 820° 200 500 37°9 81 10°9 
а 820° 600 1200 82'8 04 52 
3 480* 602 1200 10-8 11:9 97:9 
4 "T 1200 2500 8'7 159 101 
5 B 1960 2400 88 151 8-9 
6 B 1200 9400 8'9 14'6 9'1 
7: „ Фф 50 . 13 - 38 | 6070 
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Таврия VI b. 

Run Toluene Products on toluene attacked Toluene 
No. attacked. Benzoie acid,  Benzaldehyde. CO;. destroyed. 
2 86-17% 118'8% 8.9% 945% 785% 
8 85°55 112°6 8°9 269 7°54 
1 84°88 1101 9*0 31-7 6*51 
2 81'798 108°4 20°18 16°4 4°92 
3 25°62 40°2 49"7 ^' 106'2 31:20 

4 19:886 62 196 260"8 180 


(c) Tin vanadate as catalyst.—To a solution of tin chloride a 
solution of sodium vanadate was added slowly till precipitation was 
complete. The product was thoroughly washed, dried at 110° and 
was used in the form of porous pills. Tha results prove the high 
activity of tin vanadate, a maximum of about 45% benzoic acid 
having been obtained. 

The yield of aldehyde was 14°1% at 460°. The difference of 
temperature is, therefore, sufficiently great to regulate the yield of 
either benzoic acid or benzaldehyde, Ifthe rate of flow is moderate, 
complete combustion to carbon dioxide takes place at this high 
temperature. 


TABLE УП a. 


Catalyst—Tin vanadate. Volume of the catalyst space=10°6 с.о. 
Temp. of the thermostat=45°. Temp. of the secondary air=75°. 


Bun Temp. Space velocity Yield of benzoic acid 
No. Prim air. Вес. air, on toluene used. 

1 370° 200 500 25% 

2 тА 800 800 17 

8 „ 200 500 93 

4 280 200 500 40°4 

b 290 200 500 45 

6 290 - 500 1100 88 

7 : 200 600 44-9 | 

8 o 200 600 451 
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Taste VII b. 


` Yield of products on toluene used - 
Run _ Temp. Spece velocity - 


No. Вес. air.  Benzoie acid. Benzaldehyde. O03. 
6 820° 200 400 202% 4'9% 28'855 
7 | ii 900 2000 188 '6'84 186 
8 890° " 5 97 9'8 25`8 
9 490° "NN р | 8-4 11:6 30-5 

10 450° » m | 1'8 12:8 86:5 

11 ii 1200 1500 — 1-95 188 90-01 

19 x 1500 8500 —— 2-9 141 9-2 

13 , 200 500 nil 6'8 488 

TaBLE VII c. 
Run No. Toluene Products on toluene attacked Tolnene 
attacked. : Benzoic acid. Benszaldehyde. СО. destroyed. 
6 27:299, 18'°99% 15°5% 108'6% 31-08% 
1 28°45 718 291 b47 16°41 
8 98°106 491 404 nol 88 63 
9 95:549 32:9 41.5 1196 95*58 

10 2986 69 6977 1594 478 

19 1667 191 844 bb 16:6 

18 19:97 с 315 941°5 12°45 


Tin vanadate mounted on silica gel.—The activity of tin vanadate 
could be further increased by mounting it on silica gel. To a concen- 
trated solution of sodium silicate, hydrochloric acid (d 1°05) was 
added drop by drop with constant stirring. The silica gel obtained 
was carefully washed and suspended in a solution of tin chloride and 
a solution of sodium vanadate was added until tin vanadate was 
completely precipitated and incorporated with silica gel. The mixed 
pricipitate was used in the form of porous ball as usual. 
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TABLE VIII а: 


Catalyst—209% silica gel and 80% tin vanadate. Volume of the 
catalyst space=10°7 o.c. Temp. of the thermostat=45°. Temp. 
of thé secondary air=70°. Temp. of the reaction =295°. 


Run No. Space velocity Yield of benzoic acid 
Prim. air. Вес. air. on toluene used. 
1 200 — 500 509% 
2 7 56°. 
8 т js 57°8 
4 Т " 56:9 
5 коз, 800 401 
6 » 1900 84-8 
TABLE VIII b. 


Catalyst—10% silica gel and 90% tin vanadate. Volume of the 
catalyst spaco=10'6 с.е. Temp. of the thermostat=45°. Temp. 
of the reaction = 295°. | 


Space veloclty Yield of benzoic acid 


Run No. Prim. air. Бес. air. on toluene used. 
1 200 500 ° 52% 
2 200 500 56 
8 ^" 200 500 651 
4 800 2000 82-3 
TaBLE VIII c. 


Catalyst—50% tin vanadate and 50% silica gel. Volume of the 
catalyst врасе=10'8 o.c. Temp. ofthe thermostat=45°. Temp. of 
the reaction = 296°. 


. Врасе velocity Yield of benzoie acid 
Run No. Prim alr. Вес. air. on toluene used. 
1 200 500 14% 
2 200 500 16 
8 200 500 181 
4 200 500 15:8 
b 800 1000 10'6 
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Taste VIII d. 


Catalyst—80% tin vanadate and 70% silica gel. Volume of the 
catalyst space-10'8 o.c. Temp. of the thermastat=45°. Temp. 
of the reaction = 295°. | 


Space velocity Yield of benzoic acid 
Run No. Prim sir, Вес. air. " ой toluene used. 
1 200 500 61%, 
2 200 500 5 
3 200 500 7 
4 200 500 5'8 


From the above experimental data, it will be clear that highly 
porous alumina and silica serve more as promoters than as mere 
supports for nickel and vanadium catalysts. The activities are higher 
than those calculated from the composition of the constituents on 
the supposition that the activity of one is independent of the other. 
The efficiency of vanadium oxide and tin vanadats can be increased 
by addition of a small amount of silica gel, while the activity of partly 
reduced nickel oxide can similarly be increased by the addition of 
small amounts of alumina. This is particularly significant as nickel 
catalyst is comparatively cheap and the activity of mixed nickel 
alumina catalyst is considerable though not equal to that of vanadium 
catalyst. A 
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m nomiga Investigation of the High Boiling Bases 
from Anthracene Oil, 


By 8. K. блхаоіл anp Р, С. бона. 


No systematic investigation regarding the isolation and identifica- 
tion of the high boiling bases occurring in anthracene oil appears to 
have been made so far, though 8:5- and 2:4-dimethylpyridines, 
l-amino-2:4-dimethylpyridine, 2:8:6 trimethylpyridine, 2-methyl-4- 
ethylpyridine (Eckert and Loria, Monatsh., 1917, 88, 225), 2:8:4:6- 
tetramethylpyridine, 2:5-dimethylpyridine (Ahrens, Ber., 1904, 37, 
2062), 2:6-dimethylpyridine (Heap Jones and Speakman, J. Amer. 
Chem. Soc., 1921, 48, 1986), quinoline (Runge, Pogg. Ann., 81, 68), 
tsoquinoline (Hoogewerff and van Drorp, Rec. trav. chim., 1885, 4, 
125; 1886, 5, 805), quinaldine (Jacobsen and Reimer, Ber,, 1888, 16, 
1082), lepidine (Williams, J. Chem. Koc., 1868, 16, 481), acridine 
(Grabe and Caro, Annalen, 1871, 188, 285) and hydroacridine (Decker 
and Dunant, Ber., 1909, 42, 1178) have been isolated. 

Considering "n manifold importance of pyridine and quinoline 
derivatives such as their application as starting materials for the 
synthesis of alkaloids and their derivatives, use of quinoline deriva- 
tives like thaline (6-methoxytetrahydroquinolins), kairoline (N-ethyl- 
tetrahydroguinoline), kairdine (1-oxy-N-methyltetrahydroquinoline), 
plasmoquin, analgen (N-acetyl-9-methoxyquinoline) in chemotherapy, 
their use ав intermediates in the photosensitising dyes of cyanine 
class and so on, and also considering the possibility of yet undiscover- 
ed bases occurring in anthracene oil exhaustive investigation of the 
bases from anthracene oil was taken in hand. 

The bases from anthracene oil (b.p. 270—850?) were extracted 
with moderately dilute hydrochloric acid, the acid extract freed 
frorn admixed neutral substances by steam distillation and finally 
the bases liberated with sodium hydroxide. The bases consist of a 
mixture of extraordinary complexity, the separation of the indivi- 
duals. by fractional distillation under atmospheric pressure was not 
possible as they show signs of decomposition. Their isolation by 
fractional distillation under highly reduced pressure was not success- 
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ful, as ів indicated by the fact that fractions collected even within 
one degree’s range did not yield ш salts with acids or double 
salts with ZnClg, HgClg, etc. 

The above methods having failed, "m possibility of conversion of 
these bases by oxidising the alkyl groups into carboxyl groups and 
then to isolate the individual earboxylio acids by fractional crystallisa- 
tion was considered. The fraction 180—200° [80 mm., on oxidation with 
chromic acid mixture according to the method of Wełdel (Ber., 1879, 
12, 1992) gave a water-soluble resinous mass from which no indivi- 
dual acid could be isolated. Phenyl phenacyl esters of these acids 
(cf. Drake and Bronitsky, J. Amer. Chem. Soc., 1980, 62, 8718) 
have, however, yielded three nitrogen containing compounds I, II, 
and 11 melting respectively at 208°, 201° and 101°. 


R'CH;—>B'C0,H—>B'C0.Na+ BrOH$,:CO-O,H,'0O4H,—» 
RCO’0'CH,'CO'C,H,'CgH, + МаВг (R=the basic radicle) 


The quantity of these esters was not sufficient fo allow their conver- 
sion into the respective acids; their identification (cf. Drake and 
Bornitsky, 100, cit.) was not possible due to the non-existence of 
similar phenylphenacyl esters of pyridine, quincline and isoquinoline 
carboxylic acids. From the analytical value (N, 2°16) compound I 
appeara to be phenglphenaoyl ester of quinoline dicarboxylic acid. 

Subsequently the bases were distilled under highly reduced 
pressure with fractionating column (rod and dise type) and 21 
different fractions, each coming within a range of 5° were separ- 
ately collected. The low boiling bases consisting of quinoline and 
homologues of pyridine were fractionated between 75—100°/5 mm. 
and the higher fractions between 80—160°/2 mm. Detailed investi- 
gation of the bases distilling above 100°/2 mm.was taken up, their 
boiling point under ordinary pressure being higher (above 250°) than 
those of the pyridine and quinoline bases already isolated from this 
source. Isolation of the individuals (а) from sulphuric acid solu- 
‘tion by fractional precipitation with ammonis, (b) as their double 
salts with ZnClg, HgOCls, copper acetate, ete., and (c) as hydroochlo- 
ride, sulphate, chromate, acetate, oxalate, tartrate, salicylate was not 
successful. Their isolation by fractional crystallisation of the 
amorphous salts formed with methylene disalicylic acid according to 
the methed described in Indian Patent No. 14616 (July, 1928) for 
the separation of alkaloids, was tried with no better result, 
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The picrates of the bases contained in the fracions b.p.80'5— 
110°/2mm. separated asa yellow crystalline mass whereas those of 
the fractions 110—5—160°/2 mm. were tarry semi-solid products, 
Isolation of the individual picrates from fractions 100—05?/2mm. 
and 105—10?/2mm. was not possibly even after repeated fractional 
crystallisation. This difficulty was, however, overcome taking re- 
course to в process of regulated cooling within a range of 10° ina 
thermostat. Following this process of fractional crystallisation for 
more than 100 times, it has been possible to isolate three individual 
picrates (IV, V, VI) from the fraction 100—05°/2 mm. and four 
picrates (VII, VIII, IX, X) from the fraction 105—10?/2 mm. of 
which X is identical with VI. 


Composition of 
Colour and crystalline nature. M.p. 
Picrates. Bases. 
IV Greenish yellow shining rectan- 

gular plates 280° ОНО № Cu HiN* 

V Yellow microcrystalline plates 181° Og Hi gO7 Ny OipHgN* 
VI Dirty green needles 212* Cg HuON, Oy) HN 

VII Greenish yellow thick needles 201° ОНОМ; Cio HoN 
VIII Dull yellow needles 208° ОНО, OyHyN* 

e 
IX Yellow shining plates 198* Og HuON, OnHguN 


The melting point of the picrates (IV) and (VII) suggested their 
identity with those of 4:6-dimethylquinoline (m.p. 280°) and 
8-methylquinoline (m.p. 200°). But the depression іп their mixed 
melting points with the picrates of the synthetic 4:0-dimethyl- and 
8-methylquinolines indicated their difference. Рісгафе (IX) was, 
however, proved to be identical with that of synthetic 5 :8-dimethy]- 
quinoline (m.p. 198°). 

The fee bases have been liberated.from the individual picrates by 
the action of alkali, the yield in no case was sufficient for deter- 
mination of their boiling points. The bases liberated only from three 
of these picrates (VI, VII, IX) could, however, be analysed but the 
bases from all of the picrates have been converted into crystalline 
platinie chloride double salts via hydrochlorides. The ease with 


* These values are calculated from the nitrogen content of the picrates and 
platinum content of the platinic chloride double salts. 
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which these are formed and their sharp melting points only indicate 
the purity and individuality of the free bases. | 

Of the fourteen possible monomethylquinolines (7) and isoquino- 
lines (7) cnly 5- and 7-methylisoquinolines are not known. It appears 
likely that the two bases corresponding to (V) and (VII) represent the 
two missing monomethylisoquinolines. 

As out of the 42 possible dimethyl derivatives of quinoline (21) 
and isoquinoline (21) only about 13 cre known, it is not easy to 
identify the three new dimathyl bases corresponding to the picrates ` 
(IV, VI, VIII). 

As there is no alkyl quinoline or tsoquinoline base known the 
melting point of whose picrate approaches near that of (IV), (VI); end 
(VILI) and and as ths composition of the bases agrees with those of 
monomethyl- or dimethylquinolines or isoquinclines, it is claimed 
that five new bases have been isolated from anthracene oil, the 
presence of 5:8-dimethylquinoline in anthracene oil is also 
established. | 


EXPERIMENTAL, 


Egtraction of the bases.—Anthracene oil (20 gals.) was extracted 
by shaking each time 2 litres of the oil with hydrochlorie acid 
(1 litre, 1295) in & shaking machine for 3 hours. The acid 
extracts were subjected to steam distillation to eliminate the neutral 
and phenolic bodies mechanically carried over during extractions. 
The bases were precipitated with caustic soda, washed with water and 
dried, yield 1784 g. 

Oxidation of tha bases to their carboxylic acids.— Tha bases 
(56 g.) boiling at 180—200°/80 mm. were dissolved in sulphuric acid 
(25%, 185 с.о.) to which an additional quantity of sulphuric acid 
(448 о.о.) diluted with water (840 с.о.) wasadded. Chromic acid 
(280 в.) dissolved in water (280 c.c.) was gradual y added to the scid 
solution of the bases cooled in ice with stirring. The reaction 
mixture was allowed to attain the laboratory temperature during 
12 hours, and then kept in a thermostat at 70° for 4 days, till 
the solution became green. .Chromium was freed as hydroxide by 
ammonia, sulphuric acid in the filtrate was removed by baryta and 
then the excess of baryta by carbon dioxide. Dilute sulphuric acid 
was carefully added to the solution of the barium salts and 
the precipitated barium sulphate removed. The free carboxylic 
acids obtained from above on concentration were obtained only.as. 
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a resinous semi-solid mass. The yield of the mixed acids was 
12°56 g. | 

p-Phenylphenacyl esters of the acids.—The mixed acids were 
dissolved in alcohol and the volume made up to 260 c.c. with water; 
142 c.c. of this acid solution required for neutralisation 180 с.е. 
of sodium hydroxide solution (0°1653 №). p-Phenylphenacyl bromide 
(8'2 р.) dissolved in alcohol • (60 o.c.) was added to a concentrated 
solution of the above sodium salt and the mixture heated under 
reflux for 2 hours. The contents of the flask wére then cooled, 
filtered and the residue freed from sodium bromide. The white solid, 
so obtained, however, did not malt sharply and yielded on repeated 
fractional crystallisation from a mixture of chloroform and alcohol, 
three: distinct compounds melting respectively at 908°, 201° and 
101°; the first contains N, 2°16, O39Hg7O,N requires М, 2°81 per 
cent.; the quantity of the second and the third were not sufficient 
for analysis. 

Fractional distillation under reduced pressure.—The bases (1620 g.) 
were fractionated into two portions (A) up to 150°/10 mm. (764 g.) 
and (B) above 150°/10 mm. (850 g.). The fraction (A) was frac- 
tionally distilled at 10 mm and distillate collected separately within a 
range of-10°. Hach of these fractions was refractionated at 5 mm. 
and the distillates coming within the range of 5° separately collected, 
the residue from preceding fractions being mixed with the fraction to 
be distilled next. (B) was similarly fractionated at 2 mm. and the 
distillate collected within 3 range of 10° first and then again within 5° 
as in the case of (A). In the following table are shown the different 
fractions collected from (A) as obtained in the second series of distilla- 
tions at 5 mm. with their refractive indices, densities and yields. 


TABER I. 
40 40 З 

Fraction, Temp. п, D. А Distillate. 
Bases boiling below 75? 6'1525. 

1 75-80? 1:5720 1:020 484 

9 ‚ 80-85 1:5948 1.0585 7-81 

8 85-90 1°6019 1:0001 16:00 

4 90-95 16061 1'0708. | 8°86 

b 95-10) 1'8080 | 1:0780 8'04 


- Table II indicates the different fractions obtained from residues 
of (AY and the high boiling bases of (B) collected at 2 mm pressure 
. together with their refractive indices, densities and yields. 
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TABLE II. 
Fraction. _ Temp. ` n) | р" Distillate. 
1 80-85? 16051 - 150753 9993 
(9 85-00 1-6076 10753 2°86 
8 90-95 16058 ‚ 10778 4°28 
4 95-190 1°6055 10788  ' 5-65 
© 100-05 1'8072 10794 : 4°64 . 
Æ 105-19 1:6071 10808 8°66 
T 110-15 1:6019 1°0812 0°74 
8. 115-80 1°6051 1'0819 2004 
9 190-95 1°6105 10919 | 0°68 
- 10 - - -195-80 1'6989 - 11074 201 
Hol 130-35 16448 11085 ^ 915 
T 185-40 16445 ru% . 068 
19 140-45 16448 11858 . 0:89 
14 145.50 16588 1:1415 0'45- 
| 160-55 16550 ` 11494 0°80 
16 | 158-60 1:6511 11450 | 0°28 
Residue 18°85 


Separation of the bases as their picrates.—All the 21 fractions 
(Table I and П) gave picrates, those obtained from the fractions 1 to 
5 (Table I) as also from 1 to 6 (Table II) were yellow crystalline solids 
and melt within a wide range of temperature. Рісгафев irom 
fractions 7—16 (Table II) came as brownish-black tarry products. 
The individual picrates were isolated from fractions 100—105°/2 
. mm. and 105—110°/2 mm. by.repeated fractional crystallisation 

from аівоћо! by regulated cooling within a range of 10° in a ther- 
mostat and the melting points of all the fractions carefully recorded, 
till the m.p. of any particular fraction was within a range of-1° 
and remained unaltered on further crystallisation. 

Picrates from fraction b.p. 100-105° / 2 mm. (5, Table П).—То the 
bases (40 р.) dissolved in glacial acetic acid (850 о.о.) was edded 
picric acid (50 g.) dissolved in glacial acetic acid (850 o.c.). The 
mixtura was warmed on a water-bath and then allowed to cool when 
the picrates separated as a yellow crystalline mass, т.р. 170—85°. 
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Explanation of the chart. indicates residue, В indicates solution; Бу and f 


mean respectively residue and solution from R on crystallisation. Rg and SR, mean 


cis лафы residue and solution from Ву. 


Similarly RS, and 88; mean respectively 


and solution from 81; В(В8\} and B(RB,) mean respectively the residue and 
solution from БВ; crystallised and so on. 
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The picrate (IV) was isolated from the residue В; as greenish- 
yellow rectangular plates, m.p. 280°, yield 0:52 g. (Found: N, 
1452. ©,,H,,0,N, requires N, 14°76 per cent). The mixed 
melting point with the picrate (m.p. 280°) of 4:6-dimethylquinoline, 
prepared from p-toluidine and methylene acetone (Annalen, 1890, 248, 
860), was below 200°. The platinie chloride double salt made from 
the hydrochloride of the free base (oil), obtained from the picrate by 
the action of potassium hydroxide and extraction with ether, orystal- 
lised from water as dull yellow needles, m.p. 220°. (Found: Pt, 
26-95. [C,,;H,,N, HCl], PtCl, requires Pt, 20:05 per cent). 

The picrate (V) isolated from the residue indicated ав R(BR3) and 
also from R(RRRSR,) separated as yellow microcrystalline plates, 
m.p. 181°, yield 156 в. (Found: М 15:81. O, 6 H4 404 N, requires М, 
15°05 per cent). The free base, liberated from the picrate, was а thick 
colourless oil and became coloured in contact with air. The platinic 
chloride double salt, obtained from the hydrochloride, crystallised 
from water as yellow mieroneedles, m. p. 202-8°. (Found: P$, 
28:85. [С,,9,3,НО!], Pt Cl, requires Pt, 28°02 per cent). 

The picrate (VI) was isolated from R(RRRRS,) and R(RSRRS,) 
as dirty green needles, m.p. 212°, yield 2°85 в. (Found: М, 14°42. 
C,7H1,0,N, requires М, 14°76 per cent). The free base contained 
М, 9°02. © ,,H,,N requires М, 8'01 per cent. The platinio chloride 
double salt crystallised from water in orange-yellow needles, m.p. 
256-57° (decomp.). (Found: Pt, 27°01. [0,,;Hi,N, HCl], PtCl, 
requires Pt, 26°95 per cent). 

Isolation of the individual prcrates from fraction b.p. 105—110°/2 
mm. (6, Table П) was effected similarly as from fraction 100—5°/2 
mm. 

The picrate (УП) was isolated from the residue В. as greenish- 
yellow thick needles, m.p. 201°; yield 2°54 в. (Found; М, 14:82, 
С НтеО,М№л requires №, 15°05 per cent). The mixed melting point 
with the piorate (m.p. 200°) of 8-methylquinoline, prepared from 
o-toluidine (Skraup, Monatsh, 1881, 2, 158) was below 175°. 

The free base separated as в thick colourless oil and emitted 
pungent smell at 100°. (Found: М, 10°10. C,9HgN requires М, 
9°79 per cent). The platinic chloride double salt crystallised from 
water in crange-yellow needles, m.p. 207°. (Found: Pt, 27:98. 
[C,o Hg N, HCl], PtCl, requires Pt, 28:04 per cent). 

The picrate (VIII) was obtained from R(RSRSR,) by one more 
crystallisation as needles, m.p. 208°; yield, 0°68 в. (found: N, 14°58. 
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O17H,,0,N, requires N, 14°76 per cent). The platinic chloride 
double salt crystallised from water as yellow needles, m.p. 218° 
(decomp.). (Found: Pt, 26°98. [C,,H,,N, HOl],PtCl, requires 
Pt, 26°95 per cent). 

The picrate (IX) was obtained from R(RRSR,) as yellow shining 
plates, m.p. 198°, yield 2:84 g. (Found: М, 14°59. C,7H,,0,N, 
requires N, 14°76 per cent). The mixed melting point with the 
picrate (m.p. 198°) of 5:8-dimethylquinoline prepared from 1:4:2- 
xylidine (Berend, Ber., 1885, 18, 8165) was undepressed proving 
their identity. The free base ів а colourless oil. (Found: М, 8°68. 
С. Ну ,N requires М, 8°91 per cent). The platinic chloride double 
salt crystallised from water in yellow needles, m.p. 284° (decomp.). 
(Found: Pt, 26°81. [C,,H,,N, HClj,PtCl, requires Pt, 26°95 
per cent). The chromate crystallised from water in orange-yellow 
needles, m.p. 149°. The mixed melting points of the platinic chlo- 
ride double salt and the chromate with those of the synthetic base 
remained undepressed. 


The picrate (VI) was also obtained from R(RRRS§,) and was 
proved identical with the compound obtained from fraction b.p. 
(105° /2 mm.). 


SUMMARY. 


1, The mixture of the sodium salts of the carboxylic agids obtain- 
ed from the fraction b.p. 180—200° /30 mm. by oxidation, has yielded 
with phenylphenaoyl bromide three distinct esters, m.p. 208°, 201° 
and 101°. The first one appears from its composition to be derived 
from quinoline or isoquinoline dicarboxylic веі. 

2. The fractions b.p. 100—105°/2 mm. and 105—110°/2 mm. give 
а mixture of yellow crystalline picrates from which after repeated 
fractional orystallisations under regulated cooling within a range of 
10°, it has been possible to isolate six distinot and individual picrates 
(IV—-IX ), All of these picrates have been converted into the 
platinic chloride double salts possessing sharp m.p. via the free base 
and the hydrochloride. From the analytical values of the free bases 
obtained from VI, VIT and IX and the composition of the picrates 
and the platinic chloride double salts it is claimed that five new 
bases have been isolated from anthracene oil, the presence of 5:8- 
dimethylquinoline in it is also established. 


Studies on the Decomposition and Reactions of Urea. 
Part IV. On the Mechanism of the Formation 
of Ammelide, etc. 


By (LATE) JNANENDRA Monon DA8-GUPTA. 


. Investigations on the mechanism of the formation of ammelide by 
the decomposition of urea by heat, have been found of interest from 
several points of view. Apart from the complex nature of this mecha- 
nism, which is by no means clear, closely related to this problem are 
probably (i) the origin of cyanuric acid from the decomposition of 
ures by heat, (И) the mechanism of the reaction of biuret. Solution 
of the first problem might, therefore, throw light on the others and 
vice versa. The possibility of cyanuric acid being the precursor of 
ammelide which would be formed by the direct interaction of the 
former with ammoniais disposed of by the observation that amme- 
lide is not Obtained by heating cyanuric acid with urea below 180°, 
though under such condition urea is an excellent source of ammonia 
(Das-Gupta, J. Indian Chem. Boc., 1988, 10, 111, 117). The alter- 
native explanatian due to Werner (J. Chem. Soc., 1918, 108, 2275), 
appears defective when certain facts are taken into consideration. 
His results would show that ammelide is formed below 180°. But 
with a more careful regulation of the temperature it is found that 
ammelide is not formed appreciably below 190°, under various 
conditions; while it is produced to an appreciable extent only ab 
about 195°, which is the decomposition point of biuret. This would 
suggest that the formation of ammelide is probably preceded by 
the decomposition of biuret, its formation being then directly 
connected with the latter but not in the way shown by Werner. 

The experiments described clearly establish the following facts: 

(i Though biuret is considerably formed ‘between 150--180°, 
yet no ammelide is produced, although urea under such condition 
is an excellent source of cyanic acid (loc. cit.). 

(it) Taking into consideration that the ammonia evolved may inter- 
fere with the action of cyanic acid on biuret, the decompositions have 
been studied in an atmosphere of hydrochloric acid gas. Even under 
such condition no ammelide is formed below 185°, 
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(iti) Yield of cyanuric is very small below 190°, whereas at or 
above 195°, it is very considerable. Though a rise of 6° tempera- 
ture should affect the polymerisation of cyanic acid to some extent, 
this alone cannot be regarded as sufficient to explain the consider- 
able increase in the cutput of cyanuric ‘acid, which therefore must 
be connected, to a great extent, with the decomposition of biuret. 

(іо) Formation of ammelide is always accompanied by that of 
cyanuric acid but the reverse is not always true. 

(v) Ammelide could not be obtainad by passing cyanic acid 
gas (produced by the depolymerisation of cyanuric acid) over 
anhydrous biuret suspended in в finely divided state in dry benzene 
at 50-70? for half an hour,- 

The following scheme, it is hoped, would explain all ве facts in 
а satisfactory Way: 


I. NH,-NH4'CO-NCO«NH4:'CO'NH:CO'NH42 NH4'00:NH; + 


i Dicyanic acid. Biuret. 
i NHCO 
.Н. NHg OO: NOO NHgOONH, NH4'CO'NH:CO'NH-CO'NH,s 
Dicyanie acid. —» Hypothetical triuret. 
NHCO 


- Ammelide+H,O Cyanuric acid 
T NHg 
The reactions I and П are typical of the substituted ‘ureas ( cf. 
Davis and Underwood, J. Amer, Chem. Soc., 1922, 44, 2596). 
The above mechanism would show that the yield of ammelide 
can not be large, at least not so much as that of cyanuric acid. 
This is actually the case. It also shows that the origin of cyanuric 
acid is not only due to the polymerisation of cyanic acid formed 
by the decomposition of urea but also possibly to three other sources 
namely, (i) decomposition of biuret into urea and cyanic acid, 
which latter then polymerises, (ii) dieyanic acid, (ii) hypothetical 
triuret (Behal, Bull, Soc. chim., 1914, iv, 18, 149). It may be 
noted here in this connection that carbonyl dicarbamide of Schiff 
(Annalen, 1896, 291, 874), as 15 appears from its properties and mode 
of preparation, is probably constituted as follows: 
ZR. 
 ONHy,OONH:OO od ~ 
S010. м 
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It is quite natural to expect the formation of dicyanic acid as а 
result of the decomposition of biuret when 1 is remembered that 
most substituted ureas decompose in the two directions shown 
above. It has been found that dicyanic acid is formed from the 
decomposition of nitrobiuret (Davis and Blanchard, J. Amer. Chem; 
oc., 1929, 81, 1801). А further evidence of such decomposition is 
afforded by the formation of phenylbiuret from the action of biuret 
on aniline. The latter reaction would appear to take place thus: 


NH,'CO‘NH'CO'NH,+ PENH,—»PhNH:CO'NH-CO'NH, - NH; 


Sance, however, its formation is always accompanied by the simul. 
tanieous production of diphenylurea, the above simple mechanism 
is not suffieient. Evidently in the above reaction biureb undergoes 
decomposition first as in (I) and then reacts thus: 


NH,'CO'NCO + PhNH,—»PhNH'CO'NH'CO'NH, 

Dicyanic acid. 

PhNH, + NHOO—»PhNH-:CO'NH,—»PhNH-CO-NH-Ph 

It may be observed from the experiments desoribed below, that 
though biuret decomposes at about 195° in the solid state, the 
decomposition point is much lowered in presence of aniline (150-80°). 
(cf. decomposition of urea in various solvents). 

The formation of ammelide in the reaction of phosgne with 


ammonia (Hanizech and Stuer, Ber, 1905, 38, 10227 Werner, J. 
Chem. Boc., 1918, 148, 694) is not different to account for according 


to this view : 
NH,‘COCI + NHCO—>NH,'CO‘'NEO T НС} 
| Dicyanic seid. · 
|, Urea МН. 
Triureb Biuret 
Ammelide and cyanuric acid. 
| EXPERIMENTAL. 


Decomposition of urea by heat.—Urea (6 Е.) was heated in & weigh- 
ed hard glass test tube (12 x 2 om.) in an oil-bath to the desired tem- 
perature. Ib was then maintained at the temperature for 15 minutes 


9 


210 У. M. DAS*GUPTA ^ 


or more, as required, then cooled, weighed and from the difference 
the loss due to the escape of gases found out. The residue was 
dissolved in water (40-50 c.c.). Biuret was estimated colorimetrically 
by comparing with a standard solution (0-195) and cyanuric acid by 
titration with N/10-alkali ‘(phenolphthalein ss indicator), after 
removing any ammonia present in the solution by blowing air 
through it (15 to 20 min.). In case there is a mixture of ammelide 
and cyanuric. acid, these can be satisfactorily estimated by the 
following modification. An excess of measured volume of, N-alkali 
was added to the mixture (obtained by adding 50 с.о. of water to the 
fused mass), so that a clear solution was obtained. An equal volume 
-óf a N-acid was then added, which threw down the ammelide, while 
the cyanuric acid remained completely dissolved. The precipitate is 
washed several times with cold water and the washings added to the 
filtrate. Ibis next dried and weighed. Oyanuric acid is estimated by 
titrating the filtrate with N/10. alkali and urea by adding nitric acid 
to а concentrated fraction of the same or from difference. In the 
experiments noted in Table III, urea (15 р.) was melted in а 100 c.c. 
conical flask and a slow current of dry HGl gas was directed on to 
the surface of the liquid (8-4 bubbles per minute). 


TABLE I, | 


Aotion of heat om urea ai different temperatures. 
170? for. 180?for 180-85 for 190-05? for 150-1607 for фһг. 


- ; > 15 mins.’ 15 mins, 15 mins. 18 mins, and then at 
5 | 900-10? for ¢br 
Biuret "e 049% 988% ~ 804% 93% . 45% 
Cyanuric Trace 04 0'8 54 | 96-8 
Ammelide Nil Nil Nil qb | 10-8 
Urea 11-8 64°3 ^". 610’ 62°4 837 
Loss (КН; + МНОО) 49 . TI “ 8:8 164 от 
TABLE II. 
Action of heat on urea for different periods. 
Temperature = 170°. 
30 min. 45 min, 60 min. 75 min. 90 min. 
Това 81% 2°5% 84% 3'8% 6'2% 
(NH; + НОО) : 
Sublimate 98 4'2 5*0 61 T8 
(NH,OON) 
. Biuret 305. 28:3 25*0 996 30*5 
Cyanuric acid 01 0:18 0:14 0-18 0-2 


Ammelide Nil Nil Ni - Nil Nil 
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ТАВЬЕ ПТ. 


Action of heat on urea in an atmosphere of НО]. 


175° for 15 mins. 180? for 15 mina. 180-85? for 45 min. 


Biuret 29:505. 219% 18'5% 
Ammelide Nil Nil Trace 
Ures К 68°0 601 55°2 


Action of biuret on aniline.—Anhydrous biuret (8'4 g.) and aniline 
(9:1 g.) were heated together in an oil-bath to the desired tempera- 
ture. The melt was extracted with warm water (80-40 o.c.) and 
filtered hot. The precipitate on crystallisation from alcohol yields 
diphenylurea, m.p. and mixed m.p. 285°. The filtrate, freed from 
aniline, was charcoaled, concentrated, cooled and treated with ether. 
From the ethereal solution, phenylbiuret crystallised ont and was 
recrystallised from hot water, m. p. and mixed m.p. 165°. The 
aqueous solution on concentration to a small volume yields a 
smal! quantity of phenylurea, m.p. 145°. 


160° for $ hr. 170 for Ebr. 188-86° for } hr. 
Biuret decomposed 18°5% 847% 880% 
Phenylbiuret nl 10:8 9*5 
Diphenylurea 88:5 40°1 45-1 


The results are expressed in proportion to the respective theoreti~ 
cal yields, 


Тнв BHAHMAOHAR) RESEARCH. ÍNSTITUTB, Received August 5, 1988. 
CALOUTTA. 
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Synthesis of А! and ^ cycloPentene-1 .2-dicarboxylic Acids 
By BIRENDRA LaL NANDI. 


cycloPentene-1 :2-dicarboxylic acid (IV) was first prepared by 
Hawarth and Perkin (J. Ohem. Soc., 1894, 68, 978) from saturated 
cyclopentane acid.  Willstátter prepared the same acid (Ber., 1895, 
26, 668) by oyolising ethyl ac’-dibromopimelate by means of sodium 
ethoxide and then hydrolysing the resultant cyclic unsaturated ester. 
Both the authors recorded the m.p. of the acid as 178° and they 
could not trace the presence of any isomeric acid. Hassell and 
Ingold, (J. Chem. Soc., 1926, 1465) however, during the forma- 
tion of ring compounds from straight chain bromo acids, isolated two 
isomeric cyclopentene-1:2-dicarboxylic acids, m.p. 178° and 146° 
respectively from cyclisation of ethyl aa/-dibromopimelate. The 
present author, while studying the tautomeric capacity ‘of unsaturated 
cyclic dicarboxylic acids under various conditions, found that both 
Perkin and Willstatter’s methods gave rise to two isomeric acids 
namely the Al- and A?-cyclopentene-1 :2-dicarboxylic acids. 

A rational synthesis of both the acids has been acomplished. 
Ethyl cylcopentane-1-one-2-carboxylate (I) obtained by cyclising 
ethyl adipate was converted into the nitrile (IT) by means of HCN 
which on dehydration with-thionyl chloride and pyridine gave the 
unsaturated cyano-ester (III). The latter, on alkaline hydrolysis, gave 
rise to a mixture of A}-and A?-cyclopentene-1 :2-dicarboxylic acids 
(LV) and (V) (of. Kon and Nandi, J. Chem. Soc., 1988, 1628.) 


CH | СН. ‚ОН 
Нас бо HC AL 
| —- N — 
| 
Н.С CH'CO,Et H0 ~CH'COgEt 
(I) (11) 
CH, CH, 
H,O C'ON Н.С C'CO,H 
_| > || 
Н.О C'COg Eb HaC ~ C'CO,H. 
CH 


= | В: Г. NANDI 
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The constitution of the two igomeric acids has heen confirmed by- 
ozonisation. The ozcnised produz t of ethyl ester of A!-acid gave 
diphenylhydrazone of ethyl ac/-diketopimelate, m.p. 147° (Blaise 
and Gault, Bull. Soo. Ohim., 1862, i, &, 81). The ozonised product 
ofthe A?- acid, after decomposition of the ozonide and subsequent 
treatment with hydrogen peroxide, gave glutaric acid. d Agee 

The two isomeric unsaturated acids were isolated by fractional 
crystallisation from ethyl acetate and water, the A -aoid separating 
first. . Both the acids on equilibrations under standard conditions of 
Linstead and May (7. Chem. -Boc., 1927, 858, 869) gave rise to & 
mixture of the two isomeric acids of indefinite melting point. 
Unfortunately 16 was impossible to “Zollow the interconversion because 
iodometric and bromometric methods of estimations of the two 
isomerides failed, since they had almost-equal bromine additions 
(70% and 74% respectively) and iodine did not react with them at all. 
The barium and other suitable inorganic salt methods (Kon and 
Watson, J. Chem. Boo., 1982, 2439) also failed since the barium, 
oadmium salts, eto., of both the isomeric acids are soluble in water. 


“ 


: EXPERIMENTAL: 


- Ethyl cyclopentane 1-one-2-carboxylate was ТЕ dis cyolising 
ethyl adipate (284 .g. ) in presence of molecular sodium (85 g.) in 
benzene, yield 80 95; b. p. 106-109° /12 mm. = 

Ethyl cyclopentane-1-hydroay-1- yaoi castos ides fo the abou 
keto-ester (90 р.) was added potassium cyanide (100 g., 95% в.в.) 
in 20 % solution. „ТЬе flask was fitted with a dropping funnel and & 
leadway for hydroeyan:io acid. To the ice-cold solution was run 
in strong hydrochloric acid (200 с.е.) drop by drop with constant 
shaking (1 hour) and the whole left overnight at room temperature. 
The ester was extracted with ether, the ethereal solution washed 
once with dilute sodium carbonate solution, then with water, dried 
and the ether removed.: 

The residue was distilled with a drop of "m sulphuric 
acid, b.p. 148°/10 mm., yield 85%. (Found: С, 58°90; Н, 7:0; М, 
7:58. OgH440,N requires С, 50:0; Н, 71; М, 7:6 per cent). 

Ethyl cyclopentene-1-cyano-2-carboxylate.—Attempts were made 
to dehydrate the above cyanhydrin with different dehydrating agents 
and thionyl chloride in presence of pyridine was found to be the 
best. The cyanhydrin (74 в.) was mixed with. pyridine (66 g.) and 
cooled in a freezing mixture. Thionyl chloride (40 р.) was added with 
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constant shaking in the course of -half an hour and the flask was 
kept ‘in the freezing mixture for another 2 hours and then at room 
temperature for 6 hours. Ice- cold water was added and the liquid 
extracted with ether; the ethereal solution was washed. thoroughly 
with caustic soda-solution (10%) till it was decolourised ; ; ib was 
washed: with dilute hydrochloric acid, water, -then dried and the 
ether removed. ' The unsaturated ester- distilled at, 182* [11 mm., 
yield 41 %. (Found: О, 60:8; H, 6'8; N, 8:8. 09H30, N requires 
О, 65°4; H, 6:7; №, 8:5 per cent), ү. е 

'A?l- and A?-oyoloPentene-L:2- dicarboæylio к Еу —À 
‘pentené-1-cyano-2-carboxylate (8 :g.) was hydrolysed with 2296 
eaustio;potash solution (10 g.) under-a condenser sufficiently short to 
_permit the escape of alcohol vapour. After acidification the mixed 
isomeric , acids were extracted with ether in a continuous extractor, 
m.p.' 140-60°, yield 74 в. By repeated crystallisation of this 
impure acid from water 9-1 в. of A!-cyclopentene-1 :2- -dicarboxylic 
acid were isolated, m.p. and mixed m. p. with Perkin’s acid 178°. 
(Found: C, 588; Н, 670, Cr He requires С, 58'0; Н, PADR 
cent). | 
The. mother liquor was vapore to dryness on a water-bath and 
the isomeric acid was purified by alternate orystallisation from water 
and ethyl acetate, m.p. 146°. (Found: O, 58°7; Н, 5:0 per cent). 

Oxidation of ethyl A !-cyclopentene-1 :2-dicarboxylate.—The pure 
A!- acid was esterified via silver salt, b.p. 140°/16 mm. 430, 1 0805 ; 
n30, 14052; (R, .)D, 54°26. (Found: О, 02:8 ; Н, 7'8. ©,,H,,0, 


requires О, 62:8 ; Н, 7:5 per cent). 

The pure ester (7 g.) was dissolved in chloroform (100 с.о.) and a 
current of ozone was passed till absorption was complete (20 hra.). 
After removal of the solvent at reduced pressure and decomposition 
of the ozonide by shaking with water (12 hrs.) and extracting with 
ether the residue gave the phenylhydrazone of ethyl aa/-diketo adi- 
pate from acetone melting at 147°. (Found: C, 64°9;H, 6:0. 
CagHgg04N, requires C, 65°1; Н. 6:6 percent). That the oxidation 
product was ethyl aa'-diketo adipate was further proved by hydrolysis 
and subsequent oxidation by hydrogen peroxide to glutaric acid (m.p. 
and mixed m.p. with glutaric acid 97°). 

Oxidation of A*-cyclopentene-1:2-dicarborylic acid.—The pure 
A?-acid (5 g.) was dissolved in dilute sodium carbonate solution (a 
little over theoretical) and a rapid stream of ozone was passed into it 
till absorption was complete (8 hrs.). After decomposition of the 
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ozonide by shaking, the product was extracted with ether after acidis 
fication. The residue after removal of ether did not give any phenyl- 
hydrazone. It was next dissolved in dilute caustic potash solution 
and treated with hydrogen peroxide (10 vol, 20 c.c.) and left over- 
night, acidified and again extracted with ether in a continuous extrac- 
tor. 4'4 G. of a solid was isolated which when crystallised twice 
from ethyl acetate gave m.p. and mixed m.p. with glutaric acid, 
97°.- 
Equilibrations.—Both the pure isomeric cyclopentene-1 : 2-dicarbo- 
xylic acids (1 g.) were dissolved in the required amount (11 -equiva- 
lents of a 25% solution by wt.) of caustic potash solution and heated 
for one hour in в closad tube in boiling water. After cooling the pro. 
duct was ecidified with 199% hydrochloric acid and extracted with 
ether in а continuous extractor. In both the cases a mixture of 
acids was obtained melting indefinitely at 140-60° from which both 
Al-and A®-acids were separated by alternate crystallisation 
from ethyl acetate and water as stated above. 

Under standard conditions of Linstead and May (loc. cit.) both 
A )-acid and its igomeride gave almost instantaneous bromine addi- 
tions (70% and 74% respectively of the theoretical amount in 10 
minutes), while iodine did not react with them at all. 

The barium, calcium,-strontium and cadmium salts of both the 
isomeric acids are soluble-in water. . | 


оа "xu ; Received December 22, 1988. 


A Study of the Constitution of the Reduction 
Products of Chloral and Bromal Amides. 


By В.Н. YELBURGI AND T. В. WHRRLER.- : 23 


The reduction of thé group СНОН:ССІ, was studied by 
Jocitach and co workers (J. Russ. Chem. Воо., 1898, 30, 920, 
998) ‘and Meldrum and Alimchandani (J. Indian Ohem. iid 
1926, 2, 1). ; 

‘Using zino shavings and boiling alcohol the former йөз found 
that the reaction proceeded thus: . 


O,H,OHOR- CCl, —>C,H,CH: CO, —0,H,0H: СН, : 


| Using . zino dust and glacial acetic acid the latter two authors 
concluded that the reduction gives ОН ОНО}. : 

The present research involves а study of the action of bromine, 
dry hydrogen chloride and dry hydrogen bromide on the reduction 
products of chloral benzamide, chloral acetamide, chloral propiona- 
mide* and bromal benzamide. The results indicate that with these 
compounds the group CHOH'CCl, or CHOH'CBr is reduced to 
CH :COl or CH:CBrg under the conditions employed by Meldrum 
and Alimchandani (loc. cit.) Vi 

Action of bromine.—By mixing, molecular quantities of the 
reduction product of chloral benzamide (4°72 g.) and bromine (8'5 g.) 
and hydrolysing the resulting compound by shaking it with water, 
the presence of the double bond was confirmed by the yield which 
was 6'6 g. (theoretical for addition 6'9 в.) If substitution had 
occurred the theoretical yield would: have been 8 46 g. since half the 
bromine is eliminated as hydrogen bromide. The mechanism is 
эв follows. : 


‘R:CO‘'NH‘CHOH: CCl, amid E-CO'NH-CH :COl, 
(1) (m 


Br 
P2 wo NH CHBr oQ 208 ROO-NH-CHOH- « 
Clg, lg 
(unstable). ; 
: * These three reduction products were first. prepared in these laboratories by 
Meldrum and Bhojraj (Proceedings of the Indian Sctence Congress, 1926, р. 146) 
by the action бї zino and acetic-acid on the parent сошройойв, EDITOR, 
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Action of HCl спа HBr.—The action was tried on the above 
mentioned four reduction products in dry ethereal solution and 
the work confirms the unsaturated formula for them. The mecha- 
nism is explained as follows, 


HO] . 
I ——» RCO'NH'CHC], HOE RCO'NE'CHOHCI 
addition 2 cem " 


(unstable) mE (IVy 
qm | 


The presence of the OH group in (IV) was confirmed: by a 
number of reactions. i | 

The chloral benzamide derivative has been studied in details. 

(i) By the action of phosphorus pentachloride on (IV) an un- 
stable chloro compound was obtained which was found to be identical 
with the unstable compound obtained by the action of hydrogen 
chloride on (1). This compound, not being stable, was transformed 
into an anilino derivative. The mechanism is as follows. 


HOI HOH 


a) 59 qm = qv 
РО 
Og HEN H4 
CgH4,CO:NH-CH:CHOls 
сн; 


(ii) The reactions of phosphorus penta&brornide are similar to 
those of phosphorus pentachloride. | | 
(ii) Threefold action of acetic anhydride.—IV, with acetic anhy- 
dride in the hot, in presence of concentrated sulphuric acid gives (П) 
and in cold it forms the acetyl derivative C;H,CO'NHCH (0A»)- 
CHCl, ; in the cold in presence of alkali, it gives the anhydro deri- 
vative 


C,H,CO'NH’CH'CHCI, nm 
N 
P № 
OgH4CO' NH-CH'CHCIg 
(iv) By the agtion of phosphorus pentoxide, (IV) gives (I1). . 
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(v) Twofold action of benzoyl chloride.—In the hot, in the 
presence of pyridine, IV gives V ; but in the cold, the benzoyl 
derivative is formed. 

(vi) By the action of demethylsulphate, the methoxy derivative 
is formed. | 

The action of hydrogen chloride on the reduction products of 
chloral acetamide and chloral propionamide under similar conditions 
to the above, gave similar results. The yields are not good, ammo- 
nium chloride being also formed. 

The action of hydrogen chloride or hydrogen bromide on f-di- 
bromoethylene benzamide, prepared by reducing the acetyl derivative 
of bromal benzamide with zine dust and glacial acetic acid, also 
yielded the expected results. 

The presence of the OH group in the compound £-dibromo-a- 
hydroxyethyl benzamide was confirmed by preparing the acetyl, the 
anhydro and the methoxy derivatives by treating the compound 
with acetic anhydride and dimethylsulphate respectively. 

With acetic anhydride in the cold, in presence of alkali the 
anhydro compound and the unsaturated compound аге formed 
simultaneously. 

Cg;H35CO'NH-CH-CHBr, 


О and C;H,CO'NH-.CH :CBre 
C,H,CO'NH-CH'CHBr, 


The proof of the presence of the double bond in the reduction 
products is further confirmed by hydrogen analysis. 

It should be noted that the present work refers to amides only 
and that the saturated formula may be true in other cases. 


EXPERIMENTAL, 


8-Dichloro-8-bromo-a-hydrozyethylbenzsamide.—A dry chloroform 
solution of bromine (8°5 g.) was slowly added to chloroform solution 
of B-dichloroethylene benzamide (4°72 g.). Bromine was absorbed 
very quickly inthe beginning. The resulting product was hydrolysed 
by shaking the mixture with water and then crystallised from 
dilute alcohol, m.p. 128-180°, yield 6'6 в. (Theoretical 6'9 g.). 
(C,;HsOgNBrClg requires Halogen, 48:2. Found: Halogen, 48'0 
per cent). | 

B-Dichloro-o-hydrozyethylbensamide.—A dry ethereal solution 
of B-dichloroethylene benzamide (10 g.) was saturated with dry 
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НО! or dry HBr and kept under:seal for а week. The. viscóus mass, 
obtained on evaporating ether, gave a crystalline solid on treatment 
with sodium carbonate solution, rhombic plates from chlóroform 
and petroleum ether, m.p. 118-19°, yield 10 g. [Found: О, 464; 
Н, 40; N, 60; Cl, 801; Mol wt. (by Ваво’в camphor method) 
288. 'СоНоОз3МС requires О, 46' 2; Н,8'9; 14,60; Cl, 80°8 "per 
cent ; Mol. wt. 224]. 

B-Dichloro-a-oMoroetkylbensamide те above compound e g. P 
was heated with phosphcrus pentachloride (1:85 р.) and the product. 
obtained after the removal of phosphorus oxychloride under reduced 
pressure was crystallised -from dry ether as plates, m.p. 102-08°., 
The analytical resulis were unsatisfactory owing to the шш. et 
the compound. 

` The identical compound was obtained after saturating the ethereal 
eos of f-diehloroethylene Lenzamide with dry НО] арі keep- 
ing it sealed for а week, the ether was sucked off by means of' a 
pump and the product was washed with ether three or four times 
and crystallised twice from dry ether in a vacuum desiccator, plates 
from dry ether, m.p. 102-080, mixed m:p. with the product obtained 
using РО1,, 102-089. (Found: Cl, 42°0 ; CgH,ONCI,;) requires CL, 
42°2 per cent). 

B-Dichloro-a- оиа аА —The ons chloro cornpound 
was treated with aniline (1 mol.) in presence of dimethylaniline 
(2-6 mols.) at 0? and the resulting anilino compound which separated 
was crystallised from chloroform and petroleum ether as needles, m:p. 
190-029." (Found: Cl, 22'8 ; бьН+ОМ»О, requies Cl, төре 
cent). 

B-Dichloro- ие — В- Dichloro- a- hydroxyethyl 
benzamide (6 в.) and phcsphorus pentabromide (11°1 в.) were heated 
and the resulting mixture was distilled at 155-2209/25 mm. This 
product was redistilled and collected at 168°/8 mm. (CpH,ONBrCl, 
requires Halogen, 50°8. Found: Halogen, 60°9 per cent). 

This product was also obtained by passing dry HBr through the 
ethereal solution of f-dichloroethylene benzamide and distilling the 
mixture under reduced pressure. (Cp>HgONBrCl, requires pine 
50'8. Found : Halogen, 22 0 per cent). 


Action of Acelic Anhydride on B-Dichloro-a-hydrozyethylbensamide. 


(а) ]B-Diohloroethylenebenzamide. — B-Dichloro-a-hydroxyethy] 
benzamide (2 g.) was refluxed ior 4 hours with acetic ‘anhydride 
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(in excess) mixed with concentrated sulphuric acid. The resulting 
product was crystallised from dilute. alcohol as needles, m.p. 68-99. 
Mixed m.p. with identical sample shewed no depression. 

(b) 8-Dichloro-a-acetylethylbensamide.—The reaction was carried 
out in the usual way at O° (orin presence of pyridine in the cold) 
and the acetyl derivative after purification was crystallised from a 
mixture of ether and petroleum ether as needles, m.p. 146—48?. 
(Found: Cl, 25°7. C,,H,,0,NClg requires Cl, 25 7 per cent). 

(с) The anhydro compound of £-dichloro-a-hydroxyethylbensa- 
mide.—-B-Dichloro-a-hydroxyethylbenzamide (2 g.) was dissolved in 
sodium hydroxide (100 с. с. 2 95) at 0° and acetic anhydride (0'9 g.) 
was at once added to it. The mixture must remain alkaline. (cf. 
Chattaway, J. Chem. Soo., 1981, 2495). The resulting product was 
orystallised from dilute alcohol as needles, m.p. 189—909. (Found: 
Cl, 81:2. C,gH,gO3NgCl, requires СІ, 81°5 per cent). 

Ths same compound can be obtained by heating 8-dichloro-a- 
hydroxyethylbenzamide between 90-100° for about 6 hours. 

A benzene solution of В-аюШого- a-hydroxyethylbenzamide was 
mixed with phosphorus pentoxide and refluxed on the water-bath 
for about 7 hours. The resulting product was identified as B-dichloro- 
анаа by means of the mixed melting point. 


Action of Benzoyl Chloride on B- Dichloro- ше 
 bensamide. 


(а). Anhydro derivative.—The reaction with benzoyl chloride was 
carried out in the usual way and the resulting product was found to 
be the anhydro derivative, m.p ‚189-909. (Found: Cl, 81:8. C,sHye- 
O,N,Cl, requires Cl, 31°5 per cent). 

(b) 8-Dichloro-a-benaoglethylbenzamide.—2 G. of the substance 
were dissolved in pyridine at 0° and benzoyl ‘chloride (1°65 р.) was 
slowly added. The mixture was well shaken and kept in the re- 
frigerator for about 4 hours. Needles from dilute alcohol, m p. 181°. 
(Found: Cl, 20:8. C,gH),,303NCl, requires Cl, 21°0 per cent). 

B-Dichloro-a-methozysthylbenzamide. — 8-Dichloro-a-hydroxyethyl- 
benzamide (2 g.) was dissolved in 2 % sodium hydroxide solution 
at 0° and dimethyl sulphate (2 д.) was slowly added with shaking. 
The methyl ether was crystallised from в mixture of ether and 
petroleum ether аз needles, m.p. 99—100°. (Found : Cl, 284, 
C49 H, 04 NCl; requires Cl, 28°6 per cent). 
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To confirm the presence of the double bond in B-dichloroethylene 
benzamide № was analysed for carbon and hydrogen. The resulta 
agree better with the unsaturated formula. (Found: С, 40°8; Н, 8/8. 


Cg H; ONCla requires О, 50:0; Н, 8'27 per cent. Og H,ONOI4 requires 
C, 49:5; H, 4°2 per cent). 


B-Dichloro-a hydrogyetaylacetamide.—The process is the same 
as that for the corresponding benzamide derivative but ammonium 
chloride separates on keeping-the ethereal solution saturated with 
hydrogen chloride. It was filtered and the solid obtained from the 
filtrate after hydrolysis with sodium carbonate solution was crystallis- 
ed from a mixture of chloroform and petroleum ether, rhombic 
plates, m. p. 118-19°. The yield was about 5095 while with ben- 
zamide derivative it was about 98 №. (Found: М, 81; Cl, 41:8. 
C,H,O,NCl, requires; №, 8°1; Cl, 41°2 per cent). 


To confirm the presence of the double bond in the reduction 
product of chloral acetamide it was analysed for carbon and 
hydrogen. ` (Found: С, 81:1; Н, 8:3. C,H;ONCl, requires C, 8171; 
Н, 8°8 per cent. C,H,ONCI, requires C, 80:8; H, 4'5 per cent). 


1 


_ B-Dichloro-a-hydroayethylpropionamide,—' The process is the same 
as that for the corresponding acetamide derivative,, Неге also 
ammonium chloride separated. Тһе resulting product was orystallis- 
ed from a mixture of chloroform and petroleum ether, rhombio 
plates, m.p. 116°, (Found: N.7°6; Cl, 88:0. С,Н,0,М№СІ, requires 
М, 7'5; Ol, 88:1 per cent). . 


In this case also, the reduction product of chloralpropionamide ' 
was ‘analysed for carbon and hydrogen. (Found: О, 85:5; Н, 483. 
C,H,ONCI, requires C, 35'7; Н, 42 per cent. C,H,ONCl. 
requires О, 85°5; Н, 6:8 par cent), 

B-Dibromoethylene bensamide was prepared by reducing acetyl- 
bromal benzamide (20 g.) dissolved in glacial acetic acid (80 o.e.) 
with zinc dust (6 g.) which was added at intervgls. The mixture 
was shaken for about 4 hours and then filtered. On diluting 
the filtrate the reduction product was obtained as long thin plates 
from dilute alcohol, m.p. 75°. (Found: Br, 62°6. C,H,ONBr, 
requires Br, 52°5 per cent). | 

To show that the substance is unsaturated, it was analysed for 
carbon and hydrogen. (Found: С, 858; Н, 2°46. C>H,ONBr, 
requires С, 35°41; Н, 2:81 per cent. C4 H9 ONBr, requires C, 36:18; 
Н, 2°95 per cent). 
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B-Dibromo-a-hydrozyethylbenzamide.—'The ethereal solution of 
B-dibromoethylenebenzamide (4°56 g.) was saturated with dry 
hydrogen chloride or dry hydrogen bromide and treated эвеѓоге (cf. 
action of НО] on chloral benzamide derivative). The product was 
erystallised from в mixture of chloroform апа petroleum ether as 
plates, m.p. 180°, yield 2 в. [Found: Br, 49:8; Mol. wt. (by 
Rast’s camphor method) 829'6, CoH OgNBrg requires Br, 49°58 
per cent. Mob. wt. 328]. 

Anhydro compound of -dibromo-a-hydrozyethylbensamide.— 
8-Dibromo-a-hydroxyethylbenzamide (2 р.) was dissolved in dilute 
sodium hydroxide solution at 0° and acetic anhydride (0'7 в.) was 
added to it arid the mixture after being well shaken was left in the 
refrigerator for l hour and then filtered. The solid was orystallised 
from dilute methyl alcohol, m.p. 162°. (Found: Br, 5111. 
СН 404 Вг, requires Br, 51°0 per cent). 

The filtrate on being left in the refrigerator for2 days gave в 
product, m.p. 74°. This was identified as the original reduction 
product by the mixed melting point. 

(b) 8-Dibromo-a-acetylethylbensamide.—By carrying out the 
reaction with acetic anhydride at 0° in the usual way, the acetyl 
derivative was obtained as needles from absolute alcohol, m.p. 188°. 
(Found: Br, 48:8. C,,H,,O3NBreg requires Br, 48°8 per cent). 

B- Dibromo-a-methovyethylbensamide. — B - Dibromo-o-hydroxy- 
ethylbenzamide (1°5 р.) was dissolved in а dilute solution of sodium 
hydroxide at 0° and dimethyl sulp hate (4 в.) was slowly added to it 
with shaking. The methyl ether was extracted with ether and 
crystallised, m.p. 124-26°. (Found: Br, 47'4. C,)H,,O,NBr, 
requires Br, 47°5 per cent). 
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Resolution of Co-ordinated, Inorganic Compounds into 
Optical Isomers. Part I. Resolution of Tri- 
ethylenediamino-cadmium Chloride, Bromide, 

| Iodide and Sulphate. 


By PANQHANAN NgOGI AND GOPAL KRISHNA MUKHBRJER. 


Existing literature shows that though several complex ethylene- 
diamine compounds of trivalent, metals like Ог, Co, etc., have been 
successfully resolved into their. optical isomers, all attempts.at resolu- 
tion of ethylenediamine complexes of, divalent. metals like Ni, Zn, 
Od, eto., have all along - met with failure, among which may be men- 
tioned the attempts of Bucknall and Wardlaw (J. Chem. Soc., 1928, 
2789), who tried to resolve triethylenediamino- -nickel chloride by 
means of d- -camphor sulphonic acid, d-tartarie acid, ate. Tris-dipy- 
ridyl compounds of divalent metals have, however, bed resolyed into 
optical isomers. Werner (Ber., 1912, 45, 488) was able to resolve 
tris-dipyridyl-ferrous .8alts and recently. Morgan and Burstall (J. Chem. 
Koc. ‚ 1981, 9213) have successfully resolved tris- -o-pipyridyl-nickel 
side: into their. optical isomers by means of d- and l-ammonium 
tartrates. 

In this paper attempts, have boen made to, resolve triethylene- 
diamino-cadmium salts into optical isomers by means of d-tartaric 
acid, d-camphor sulphonic -acid, d-bromocamphor, sulphonic acid, 
and  d- sodioeamphor nitronate, when success was achieved 
with the last reagent only. d-Sodiocamphor onitronate was 
. used by Werner himself; in the, resolution of  triethy- 
lenediamino complexes of trivalent metals like chromium (Ber., 
1912, 45, 865) i in cases where other reagents failed to resolve. It 
appears, however, ‘that this reagent, has not hitherto been used for the 
resolution of the complex salts of divalent metals. 

The d-tartrate, d- -camphor sulphonate, and d-bromocamphor sul- 
phonate of the cadmium complex were prepared and fractionally erys- 
tallised, but in all these cases the different fractions were found to 
have the same specific rotation and on removing the active residues, 
the resulting cadmium salt was. found, to be inactive. d-Bodiocam- 
phor nitronate was then made use of in а way similar. to that of 


i 
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Werner in the case of complex chromium compounds (loc. cit.); but 
in this case no precipitate of the active substance occurred even when 
concentrated solutions of both the substances were taken. Во the 
solution containing triethylenediamino-cadmium liloridé arid d- 
sodiocamphor nitronate was slowly evaporated in vacuum, when d- 
triethylenediamino-cadmium camphor nitronate slowly. crystallised 
out. Three crops of crystals were thus callected which differed wide- 
ly in their rotatory powers. On removing the camphor nitronate resi- 
due from the first fraction by meansof dilute hydrochloric acid, the 
solution of the chlorice was found to remain deztro-rotatory. It 
Kowever, уёгу soon radémised and crystallisation in vacuum yielded 
'& racemic compound. “Ви to a fairly concentrated solution of the 
active salt excess of acetone be added, a crystalline “precipitate of 
the active cadmium salt was obtained. The active solid retained its 
activity longer than its solution. The composition of the active subs- 
tance was the same ёв that of the racémic salt. 

The laevo variety of the’ 'gübstance could’ not, however, dis obtain- 
ed: from the later fracticns. 

‘Attempts were then made to obtain the laevo variety by means of 
nitrocamphor itself, whish is a laevo-rotatory substance, but up till 
now all attempts in this direction have met with failuré. Further 
work is being done to isolate the laevo variety. 

These salts which pcasess water of crystallisation lost weight when 
subjected tio desiccation over concentrated sulphuric acid in vacuvin 
and this fact was taken advantage of in the determination of the 
water of crystallisation. 

The cadmium was estimated as cadniium sulphate im a platinum 
basin. | 


el | EXPERIMENTAL. Es 


Preparation of d-iriethylenediamino-cadmium tartrate.—Triethy- 
lenediamino-cadmium shloride was prepared according to the method 
used by Werner and co-workers (Z. anorg. Chem., 1899, 24, 201). А 
concentrated solution of triethylenediamino-cadmium chloride (4 р.) 
was triturated with silver tartrate (4 g.) (prepared from a concentrated 
solution of Rochelle salt by precipitation with. concentrated silver 
nitrate solution, washing with water and drying in a desiccator cover- 
ed with black paper). ‘The residue of silver chloride was repeatedly 
extracted with hot water and the extract filtered and evaporated in 
vacuum, Various fractions of crystals were thus obtained and all on 
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further purification by crystallisation gave a constant nitrogen con- 
tent: (Found: М, 17:9; Cd; 22°4; H0, 10:8; [Cd (Еп), | (C,H,0,), 
8 H50 requires М, 17:0; Cd, 22°78; Н.О, 10°98 per cent). 

Rotation of this substance was measured іп a 2 dem. tube ; after 
four orystallisations the values of [@]*› for the the first and the last 
fractions were 18°75° and 18°70° respectively. The tartrate was 
converted to the corresponding chloride-by means of barium chloride 
but in each cade the resulting-golution was inactive. 

Preparation of d-iriethylenediamino-cadmium camphor sulphonate. 
—Freshly prepared: silver oxide, obtained from AgNO, solution by 
precipitation with caustic soda and washing the residue with distilled 
water till free from the alkali salts, was dissolved in & warm solution 
of d-camphor sulphonic acid in water till & solution, neutral to litmus, 
was obtained. To-a solution of triethylenediamino-cadmium chloride 
(6 g.) in water, the solution of the silver salt thus prepared was added 
till on adding one drop more it caused no further precipitate. The 
solution was filtered, evaporated in vacuum and fractionally crystal- 
lised and the different fractions further purified by recrystallisation. 
None of these fractions contained any chlorine and each gave a 
constant nitrogen content. (Found: N, 11'1; Cd, 14°27; H40, 
2:8. [Cd(fin)s] (0;,,8,,0,8), H0O requires N, 10°88; Od, 
14°56; Н.О, 2:88 per cent). - 

Rotations of the different fractions were observed in a 2 dom. 
tube. After four orystellisations the values of [a]*> for all 
these fractions were +15°0°. On acidifying a concentrated solution 
of any of these fractions with dilute hydrochloric acid and adding 
excess of acetone, triethylenediamino-cadmium chloride was pre. 
cipitated which was found to be quite inactive. 

Preparation of — d-triethylenediamino-cadmium bromocamphor 
sulphonate.—A solution of the silver salt of d-bromocamphor sul- 
phonic acid was prepared in the same way аз the silver salt of d. 
camphor sulphonic acid by dissolving silver oxide in a warm solution 
of d-bromocamphor sulphonic acid till a solution neutral to litmus 
was obtained. To в solution of  triethylenediamino-cadmium 
chloride (5 g.) in water, the silver bromocamphor sulphonate solu- 
tion thus prepared was added till the addition of one drop more 
caused no further precipitate. . The solution was filtered and the 
residue of silver chloride washed with water and the filtrate evapo- 
rated and . fractionally crystallised and the different fractions purified 

by further crystallisation. None of these fractions was found to 
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to contain any chlorine and each gave the sama nitrogen content. 
(Found: №, 8'5; Cd, 11°08; H30, 9°15. [Cd(En);] (C19H,4Br80,4)q, 
95H40 requires М, 8:38; Cd,'11'21; H,O, 8°98 per cent). 

Rotations of the different fractions ‘were observed іп a 2 
dem. tube. Hach of the four fractions showed the value of 
[2122 to be +188°0° On acidifying a concentrated solution of any 
of these fractions in watsar with hydrochlosic acid and adding acetone 
in excess, the complex cadmium chloride was precipitated which was 
found to be quite inactive, = 

‘Preparation of ‘d-tristhylenediamino-cadmium | oamphor nitro- 
nate.—To а solution of triethylenediamino-cadmium chloride (4 g.) 
in water (10 c.c.) was added d-sodiocamphor nitronate (4°5 g.) 
dissolved in 16 c.c. of water and the mixture well shaken. No pre- 
cipitate appeared. The solution was then subjected to fractional 
crystallisation in vacuum. The first fraction was recrystallised from 
water as very light yellow needles. This was completely free from 
‘chlorine. (Found: N, 15°7; Cd, 15°3;:H,O, 489. [Cd (En), | 
(C19H1403N)q, 2 НО requires N, 15°65; Cd; 15:6; НО, 5°0 per cent). 

"Rotation of this substance was observed in a 2 dom. tube 
with а:5% solution and the value of the [e] ‘аз found to be 
4-188:2?. The second and the third fractions on further purification 
by crystallisation were found to have identical chemical composition 
and their specific rotations were +97°4° and +94°7° respectively 
under identical conditions. uu 

d-Triethyelenediamino-cadmium: chloride.—d-Triethylenediamino- 
cadmium camphor nitronate (first fraction) (2 д.) was dissolved in 
the least quantity of water and to the clear yellowish solution 
moderately dilute hydroshloric acid was added drop by drop and 
shaken till all the nitrocamphor had precipitated out and the solution 
became colourless which was then filtered and the residue washed 
with a sraall quantity of water. То the filtrate excess of acetone 
was added whereby a perfectly white crystalline substance was preci- 
pitated which was allowed to settle, The supernatant’ liquid was 
then decented off and the precipitate washed several times with 
acetone ta remove all traces of the acid and any free nitrocamphor. 
The residue was quickly dried underneath a fan between filter 
papers. (Found: N, 28°24; Cl, 10°45; Od, 80°35. [Cd (Еп), [Clg 
requires N,.28:15; Cl, 18'29; Cd, 80°79 per cent). 

The substance (0:06 р.) was then dissolved in 15 c.c. of water and 
examined іп а 2 dom. tube when rotation was found ‘to be +91°. 
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which. makes [@]*?, +118°7° and [M], +413`80°. The activity 
of the solution on being kept diminished rapidly and almost vanished 
іп about an hour and a half. Examined after half an hour the spe- 
cific ‘rotation of the substance was found to be +51'28° under 
identical. conditions. The solid, however, was found to be more 
stable when kept cool and examined after 8 hours, its specific 
rotation was'fouud to hp +12°5°:under identical conditions, but 
when kept et the ordinary temperature (80°) it was found to be 
quite inactive after 2 hours. | 

d-Triethylenediamino-cadmium bromide was prepared in the 
same way as the chloride by decomposing the d-triethylenediamino- 
cadmium camphor nitronate (first fraction) with dilute hydrobromic 
acid and precipitation with acetone. (Found:N, 18°76; Br, 85'6; 
Cd, 24°49. [Od (Еһ), |] Brg requires М, 18:59; Br, 85°42; Cd, 24°72 
per cent). 

Rotation of the substance (0'05 р. in 16 с.с. water) was deter- 
mined in a 2 dem. tube and was found to be +0°70° which makes 
the [а], +105°0° and [M], +474°. The solution completely 
racemised in 1 hour where as the solid, if kept cool was found to 
have a specific rotation of +7'5° after 8 hours, under identical 
conditions. 

d-Triethylenediamino-cadmium iodide was prepared in the 
same way, as the chloride by decomposing the d-triethylenediamino- 
cadmium camphor nibronate (first fraction) with hydroiodie acid, and 
precipitation with acetone. (Found: N, 15°56; I, 46°86; Cd, 20°26. 
[Cd (En),] І, requires М, 15:41; I, 46:48; Cd, 20°58 per cent). 

Rotation of the substance was measured in a 2 dem. tube 
with a solution of it (0:06 д.) in water (15 с.с.) and was found to 
be -F0:72? which makes [a]%, +90° and [M], 491°4°. The 
iodide solution also racemised as readily as the bromide. The solid 
when kept cool and examined after 2 hours was found to be quite 
inactive. 

d-Triethylenediamino-cdmium sulphate was also prepared in 
just the same way as the other salts by decomposing the d-triethy- 
lenediamino-cadmium camphor nitronate (first fraction)with dilute 
sulphuric acid and precipitation with acetone. (Found: N, 21°95; 
Са, 29°12; 80,4, 24°80. [Cd (Еп), |80, requires N, 21°65; Cd, 28°94; 
SO,, 24°72 per cent). 

Rotation of the substanee was determined in a 2 dom, 
tube with а solution of it (0'12 в.) in water (15 c.c.) and was found 
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to be 1:88? which makes [a]*?, +88`1° and + [M], 822°. The sul- 
phate solution was found to be stabler than those described above 
-ag it retained its activity almost undiminished’ for half an hour but 
it also was found to Le inactive when éxamined after 8 hours. 
The solid (kept cool) when examined after 8 hours was found to 
have a specific rotation of +6°25° under identical conditions. 

The corresponding active zino salts were: at first obtained in so- 
lution and have now been obtained in the solid condition. Further 
work on other salts is in progress. 


lal 
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Attempts to Synthesise Cantharidin.* 
| ‚ Ву V. №. Par АМ Р. C. бона. 


According to the existing literature (Gadamer, Arch. Pharm, 
1014, 252, 624; 1716, 283, 428; 1920, 288, 171; Coffey, Reo. trav. 
chim., 1928, 42, 887, 1026) the most probable constitution of 
cantharidin is (I), 


Although Bruchhausen and Bersch (Arch. Pharm., 1928, 266, 
697) obtained dehydroprotocantharidin by condensing maleic an- 
hydride with furan (cf. Diels, Annalen, 1927, 460, 98) which on 
reduction gave protocantharidin, their attempt to synthesise 
dehydrocantharidin from furan and dimethylmaleic anhydride was 
not successful. Their inteygsting observation that cantharidin on 
being passed over palladised asbéstos at 280° is decomposed into 
furan and dimethylmaleic anhydride confirmed definitely the consti- 
tution of cantharidin as (I). ` 

Iyer and Guha (J. Indian Inst. Sci., 1981, 15А, 31) treated 1:2- 
dibromo-1 :2-dimethylcyclohexane with ап  aleoholie solution of 
potassium cyanide to get the 1:2-dinitrile, the corresponding acid 
of which on anhydride formation was to give deoxycantharidin. Their 
attempts, however, were uusuccessful, only unworkable resinous 
mass being formed in every case. í 

The next unsuccessful attempt to synthesise deoxycantharidin 
was made by Steele (J. Amer. Chem. Soc., 1981, 88, 288) who pre- 
pared aa/-dibromo-aa/-dimethylsuberic acid and attempted the 
elimination of the two bromine atoms with copper-bronze or mole- 
cular silver in order to obtain the anhydride of cis-1:2 dimethyl- 
cyclohexane-1 :2-dicarboxylic acid. 

An attempt has now been made to syhthesise cantharidin 
starting from methyl 3:6-diketocyclohexane-1 :2-dicarboxylate (П) 
according to the following scheme: 


* А preliminary report on this work has been published in the abstracts of 
papers, Ohemistry section, Indian Science Congress, 1983, p. 18 and was communis 
cated before the 15th October, 1982, 
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C-Dialkyl derivatives analogous to (ПТ) have been prepared by 
Baeyer from succinosuccinic ester (Ber., 1892, 26, 2122; 1898, 98, 
282; Zelinsky and Naumow, ibid., 1898, 81, 8206). 

From the disodium- derivative of (IT) and methyl iodide, Hel- 
ferich (Ber., 1921, 54, 155) prepared methyl 2-methyl.B8 :6-diketo- 
cyclohexane-1:2-dicarboxylate. Ina second paper, Helferich and 
Bondenbender (Ber., 1928; 86, 1112) report that, although the ester 
(П) contains two monoalkylated acetoacetic ester residues it does not 
give a-di-C-methyl derivative and they do not give any experimental 
dats. Since the method of attack outlined above for the synthesis 
of cantharidin seemed rather an attractive one, methylation has now 
been tried under varying conditions with a view to obtaining the 
desired cis-0-dimethyl compound. . 

The disodium derivative, however, reacts with methyl iodide when 
left in а closed bottle at the room temperature for B weeks to give 
a 80-70%, yield of a neutral oil. Both analytical values and mole- 
cular weight agree with.tne formula C,;,H,,0,, but the substance 
does not give any semicarbazone or, phenylhydrazone. Methoxyl 
determination by the Zeisel method, however, gives в value of 
451695. The C-dimethyl derivative (I1) should give a methoxyl 
value 24°22 % while the O-dimethyl compound. (V) should 
give 48°44%. It would seem, therefore, that the product is the 
dimethyl ester contaminated ponsibiy with. some of the mono-C- 


methyl derivative (VI). 
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The pure dimethyl ether has now been prepared by treating an 
alcoholic solution of the diketo diester (II) with dimethyl sulphate and 
aqueous alcoholic potassium hydroxide. When hydrolysed by means 
of an excess of aqueous alcotolic potash, the ring breaks up at the 
double bonds giving succinic acid as one of the products of decom- 
position; hydrolysis with boiling 10% sulphuric acid gives 1:4-di- 
ketocyclohexane. The ester slowly absorbs bromine in chloroform 
solution and decolorises an aqueous acetone solution of potassium 
permanganate. These facts show without doubt that the product 
is the methyl ester of 8 :6-dimethoxy-4 :6-dihydrophthalie acid (V). 

The explanation for the anomaly, vis., the formation of the 
dimethyl ether in this manner, and in such good yield and that of 
the mono-O-methyl derivative (Helferich, loo. cit.) is perhaps to be 
found in the difference of temperatures at which the reactions were 
carried out. The effect of temperature and solvent on the keto-enol 
equilibrium is well known (cf. Meyer, Annalen, 1911, 880, 212; Ber., 
1911, 44, 2718, 2709). An experiment in which the reaction mixture 
was kept in an ice-chamber for one month yielded only the mono- 
C-methyl compound. 

An attempt to introduce & second methyl group through the 
potassium derivative of Helferich’s mono-C-methy! compound has 
resulted in the formation of a neutral oil, which from methoxyl deter- 
mination, appears to be a mixture of C-dimethyl (ПТ) and C-methy].- 
O-methyl (VI) derivatives almost in equal quantities. 

The diketo diester (II) with sodamide and methyl iodide 
(cf. Haller and Louvrier, Compt. rend., 1914, 188, 754, 1616; 
Ruzicka, Ber., 1917, 80, 1878; Baker, J. Chem. Soc., 1981, 1651) 
in an atmosphere of nitrogen gave only the mono-C-methyl deriva. 
tive. Treatment of the silver salt with methyl iodide has not been 
possible as the alcoholic solutions of the disodium salt of (IT) and of 
silver nitrate gave immediately on mixing a black precipitate and 
mirror of metallic silver. The use of copper salt of methyl 2-methyl. 
cyclohexane-8 :0-dione-1:2-diesrboxylate and methyl iodide (cf. Nef, 
Annalen, 1898, 276, 200) has not been successful. 


12 
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Renewad attempts to synthesise deoxycantharidin according to the 
scheme of Iyer and Guha (loc. cit.) were made according to the 
method of Rosenmund and Struck (Ber., 1919, 62, 1749) using 
cuprous cyanide as a catalyst with little success. 

The synthesis of cantharidin is being tried starting from  oxalyl di- 
glycollie ester and succiny! dimethyldimalonic ester* results of which 
will form the subject of & subsequent communication. 


HXPERIMENTAL. 


Methyl 8:6-diketocyclohexane-1:2-diearboxylBte (IT) was pre- 
pared according to Helferich’s method (loc. cit.) via 2:8-dicyano- 
hydroquinone and 8:8- Da acid with the following 
modifications. . 

2 :B- плей. A three-necked flask (Е) of 8-litre 
capacity (Fig. 1)is fitied with a mechanical stirrer (M), two separating 
funnels (S, and 8,), an exit tube (E) and a tube (T) to draw out 
the liquid, The tube (T) can be lowered into the flask when required. 
In the bell-jar (J) is placed а 2}-litre beaker containing crushed ісе 
and the stopper of the bell-jar carries a tube connected with a water- 
jet pump. The whole apparatus is arranged in а fume cupboard 
fitted with a good exhaust fan. 


! Exhaust 
T d ^ Е. 
В H f | | : ad 
33 M. Pump. 
Hl CN Ea 
L if | 


` 
е ] 
Hu в, 
E Р 
m 
4 






* This method is being worked out in collaboration with Mr. B. H. Iyer. 


~~ 
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Powdered benzoquinone (88 g.) suspended in hot water (400 c.c., 
80-90°) was taken in the flask and 5N-sulphuric acid (110 o.c.) added. 
The mechanical stirrer was then started vigorously, and from the 
separating funnel (Ву) was added a concentrated aqueous solution 
of 41 g. of pure sodium cyanide during B to 4 minutes. When 
ths colour became deep green 5N-sulphuric acid (115 c.e.) was 
introduced from the funnal (82). The stirring was then stopped, 
the tube (T) lowered to the bottom of the flask, and the water-pump 
started, the solution rose in the tube and was discharged into the 
beaker containing about 2 lbs. of powdered ice. The solution 
deposited a brown solid (19 g.) which was crystallised from hot water 
(charcoal) as lustrous straw-yellow plates, charring at 280°. When 
left in a vaccuum desiccator over sulphuric acid, it loses its water of 
erystallisation and becomes almost white. 

8:6-Dihydroxyphthalic acid.—The hydrolysis of the dinitrile was 
carried oub essentially according to Helferich’s method, except that 
smaller quantities of the nitrile (15 g.) and excess of potash (216 g.) 
were used in each experiment. It was found preferable to extract 
the acidified solution with ethyl acetate instead of ether. 


Methylation of Methyl cycloHexane-3 :0-dione-1 :2-dicarboxylate (П). 


(a) With sodium methozide in methyl alcohol and methyl iodide.— 
The following is typical of many experiments carried out by this 
method. Methyl cyclohexane-8 :6-dione-1 :2-dicarboxylate (6'8 в.) 
was taken in а round-bottomed flask (250 с.с.) fitted with a separating 
funnel, a condenser and inlet tube for passing nitrogen. The flask 
was first evacuated (8 mm.) by the Cenco pump and dry nitrogen 
passed slowly during the course of the reaction. To the clear 
solution obtained after the addition of absolute methyl alcohol 
(25 о.о.) was slowly added a solution of sodium (1°8 g.) in absolute 
methyl alcohol (85 o.c.). Methyl iodide (12 с.о.) was then introduced 
through the separating funnel to the clear dull yellow solution and 
the mixture heated under reflux on а water-bath for periods varying 
from 4 to 16 hours, fresh quantities of methyl iodide being added 
to make up for loss due to volatilisation. The residue after 
removal of alcohol and methyl iodide was acidified with 2N-sulphuric 
acid (25 с.с), extracted with ether, and the extract washed with 2N- 
potassium hydroxide solution until the alkali solution was no longer 
coloured. The deep-red alkaline extracts after acidification with 
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A2N.sulphurie acid was extracted with ether which gave а red oily 
residue. The solid separating out of this oil in а vacuum desiccator 
on long standing crystallised from methyl alcohol in fine prisms, 
m. p. 91-98°, and was identified with 2-C-methyl derivative of 
Helferich. | 

(b) With sodium methozide and methyl iodide at room tempera- 
ture.—A mixture of the diketo diester (11'4 g.), sodium methoxide 
prepared from sodium (2'8 g.), methyl iodide (18 с.о?) and absolute 
methyl alcohol (70 в.с.) was left in a stoppered bottle at the room 
temperature for 8 weeks. From the neutral reaction product 
alcohol and methyl iodide were removed under reduced pressure, 
water added to the residue and the mixture extracted with ether. 
The faintly yellow viscous oil obtained from the extract distilled 
without decomposition at 140-44?/1 mm., yield 7 в. It did not 
give any coloration with ferric chloride. (Found: C, 50:14; H, 6°11; 
OMe, 45°15, О;Ну06 requires C, 56°25; H, 6°25; OMe, 48°44 
per cent). 

(o) With sodium hydroxide and dimethyl sulphate: Formation 
of the 8:6-dimethyl ether.—To a solution of the diketo diester (10 р.) 
in methyl: alcohol (20 с.с.) was added freshly distilled dimethyl 
sulphate (11:6 g.). -To this mixture was poured slowly a solution of 
potassium hydroxide (2'6 р.) in water (б с.о.) and aleohol (10 e.e.) 
with cooling. After removal of alcohol, the residue was treated 
with water and extracted with ether. The residue after removing 
the ether gave an oil distilling at 140-48°/1 mm. , yield about 38%. 
The oil slowly absorbs bromine in chloroform solution and decoloris- 
es an aqueous acetone solution of potassium ‘permanganate and 
potassium carbonate. (Found: C, 56°35; Н, 6°88; OMe, 48°19. 
C4 5H 440, requires C, 56°25 ; Н, 6°25; OMe, 48°44 per cent). 

(a) Hydrolysis of Methyl B:0-dimethoay-4 :5.dihydrophthalate 
(V).—(i) With sodium hydrowide.—A mixture of the dimethoxy com- 
pound (4 g.) and an aqueous alcoholic solution of sodium hydroxide 
(6 р.) was kept for a day at the room temperature and then refluxed 
on the water-bath for 8 hours. The residue left after the removal 
of alcohol was acidified with 6N-sulphuric acid, the clear aqueous 
solution saturated with ammonium sulphate and then extracted 
with ether. The ethereal solution gave reddish oil from which a 
small quantity of a solid separated on standing in vacuum for 2 
months. This meltsd at 170-80? and was identified as succinic acid 

-by mixed m.p. with а genuine specimen (m.p. 180°). 
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(i) With sulphuric acid.—The neutral ester (2 р.) mixed with 
concentrated sulphuric acid (8 с.с.) in 80 o.c. of water, was heated 
under reflux for 2 hours when the ester slowly went into solution 
with evolution of carbon dioxide. The solution was neutralised 
with sodium bicarbonate, saturated with ammonium sulphate and 
extracted four times with chloroform. The residue from chloroform 
crystallised from alcohol, m.p. 78°. The substance was identical 
with cyclohexane-1:4-dions obtained by hydrolysing (with 20% 
sulphuric acid) methyl cyclohexane-2 :5--dione-1 : 4-dicarboxylate. 

Methylation of Helferich’s mono-C-methyl compound.—The 
potassium salt of the mono-O-methyl compound was prepared at 0° 
by means of potassium methoxide in dry methyl alcohol, methyl 
iodide added, and the mixture kept in a closed bottle fora day. By 
working up the product in the usual manner, a viscous neutral oil 
was isolated which did not give any coloration with ferric chloride. 
Owing to the small quantity obtained so far, purification of this 
substance has not been accomplished yeb, боб as a preliminary to 
determining its nature, a methoxyl determination was made. The 
observed methoxyl value of 80:61 № is nearly the mean of the 
values for the 0-dimethyl compound (IIT) (OMe, 24'22%) and the 
O-methyl-O-methyl derivative (УТ) (OMe, 86`88%). 

Interaction of potassium cyanide with 1 :2-dibromo-1 :2-dimethyl- 
cycloherane.—A mixture of the dibromo compound (2 5 g.), pure 
potdssium cyanide (2 g.), water (6 o.c.) containing cuprous cyanide 
(0°6 g.) (prepared according to the method of Sudborough and 
James, ‘‘ Practical Organic Chemistry’’, p. 202) and ethyl alcohol 
(8 в.е.) was heated in a Oarius tube at 200° for 8 hours. The 
contents of the tube after removal of alcohol were acidifled with 
hydrochloric acid, the ether extract of which left on evaporation в 
small quantity of a neutral gum which did not erystallise. The 
aqueous solution was distilled in steam and the distillate extracted 
with ether. The ether extract did not yield any definite product 
and the aqueous solution deposited a tarry residue on standing. The 
experiment was repeated several times using soda water bottles 
and heating for longer periods with no better resulta. 
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Derivatives of Salicylic Acid. Part V. Synthesis and 
Constitution of 2-Nitrotoluene-6-sulphonic Acid. 
А Step towards the Synthesis of 6-Sulpho- 
salicylic Acid. 


By NARHAR WAMAN HinWnB AND MoHINIBAM RAJARAM ЈАМВНЕКАВ. 


The object of the present investigation was to synthesise 6-sulpho- 
salicylic acid in the same way as the 4-sulpho-acid, worked out by us 
(J. Indian Chem, Soc., 1988, 10, 47). The present paper deals with 
the synthesis and constitution of the starting material, vis., 2-nitro- 
toluene-Ó-sulphonio acid which has been obtained in the following 
way. | 

4-Nitrotoluene-0-sulphonie acid was prepared according to Jennsen 
(Annalen, 1874, 172, 280). The yield of sulphonic acid increases 
considerably if the sulphonation mixture is kept exposed to atmos- 
phere. It was further nitrated so as to obtain 2: :4-dinitrotoluene- 6- 
sulphonic acid. The  dinitrotoluenesulphonie acid obtained by 
Beilstein and Kuhlberg (Annalen, 1870, 188, 21), as shown by the 
composition of the lead salts. seems to be the same ав that obtained 
later by Schanert (Ber., 1877, 10, 29) and is o-dinitrotoluene-p- 
sulphonic acid. Unlike the sulphochloride (m. p. 125?) obtained by 
the above authors, the sulphoehloride (m.p. 107°) in the present 
paper did not give the sulphonamide being susceptible to the action 
of alkalies and ammonia. 

The alcoholic emmonium sulphide solution selectively reduces 
the acid and its sulphochloride to give the 2-nitro-4-aminotoluene- 
6-sulphonie acid and 2-nitro-4-aminotoluene-6-sulphonamide respec- 
tively. 

2-Nitrotoluene-6-sulphonic acid was then obtained from the above 
amino acid as usual via the diazo reaction. 

That the 2-nitro-4-aminotoluene -6-sulphonic acid was produced 
by the partial reduction of 2:4-dinitrotoluene-6-sulphonic acid was 
supported by obtaining the same by the sulphonation of o-nitro-p- 
toluidine. o-Nitro-o-toluidine was obtained by partial reduction of 
2 :4-dinitrotoluene with sodium sulphide (Brand, J. pr. Chem., 1900, 
ii, 74, 470) and also by nitration of p-toluidine ene: ‘and Collin, 
Ber., 1884, 17, 203). 
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It was found that 2:4-dinitrotoluene resisted all attempts at 
sulphonation. This is remarkable because the directing influences 
of the groups Me and МО, in 2 : 4-dinitrotoluene might be 
expected to lead to the introduction of the sulphonic acid group in 
the 6-position and remarkable also because the sulphonic acid in 
question (2 :4-dinitrotoluene-6-sulphonic acid) is readily produced by 
the nitration of 4-nitro-6-sulphotoluene. 


EXPRRIMENTAL. 


2:4-Dinitrotoluene-6-sulphonic acid. — p-Nitrotoluene-o-sulphonio 
acid (60 g.) (Jenssen, loc. cit.) was dissolved in sulphuric acid (120 g. 
d 1°82) and fuming nitric acid (28 р. d1°61) was slowly added. 
The mixture was then heated on a water-bath for 3 hours and 
exposed to atmosphere when yellow crystals separated, m.p. 120°. 
The mixture was cooled, when a further yield of the crystals was 
obtained, yield 78 95. (Found: М, 9°28; 8, 11:08; Equiv., 3.0°2 ; 
H,0, 11°96. C;H40; N53, 2Н„О requires М, 9'89 ; В, 10°74 ; H30, 
12°08 per cent. Equiv., 298). 

Lead salt.—Yellow needles. [Found: Pb, 25:08.; H,O, 8°78. 
(C;H,0;N_8) Pb, 49,0 requires Pb, 25°84 ; Н.О, 8°99 per cent]. 

Potassium salt was prepared by adding strong potassium 
chloride solution to that of acid. It is slightly soluble in cold water 


DERIVATIVES OF SALICYLIC ACID , 241 


end readily in hot water, from which it crystallised as tiny white 
plates. The anhydrous salt was obtained by heating it аф 180° under 
reduced pressure for about 2 hours. (Found: К, 11'71 ; H40, 10:62. 
0,H,0,N.8K, 2H50 requires К, 11°60 ; H,O, 10°72 per cent). 

Sodium salt is more soluble in water than potassium salt 
end crystallises in small anhydrous plates. (Found: Na, 7:87. 
C,H,0,N.8Na requires Na, 8°09 per cent). 

Calcium salb is highly soluble in water from which it crystallises 
in small microscovic needles with 4 mols. of water. [Found : 
Па, 6:84 ; H,O, 11:58. (C,;H;,0,N.8),Ca, 4H оО requires Ca, 6°31 ; 
НО, 11:86 per cent]. 

Barium salt is easily soluble in cold water from which it 
orystallises in long glassy white needles with 4H,0. When heated 
зо 180° under reduced pressure it becomes anhydrous. [Found : 
Ba, 18°72 ; H20, 9°68. (C,H;0,N.5),.Ba, 4Н,0 requires Ba, 18°74; 
H,O, 9°85 per cent]. 

The sulphonyl chloride, prepared from the potassium salt and 
phosphorus pentachloride, crystallised from benzene in small plates, 
m.p. 107°. It is soluble in benzene and toluene and almost insoluble 
in alcohol and ether, yield 6'5 в. (Found: Cl, 12°88; В, 1158. 
C,H,O,N, СІЗ requires Cl, 12:66; В, 11°40 per cent). 


2-Nitro-4-aminotoluene-6-sulphonic acid.—(t) 2:4-Dinitrotoluene-6- 
3ulphonie acid (10 g.) was dissolved in alcohol (100 20.o,) and 
5 N-ammonium sulphide (70 в.с.) and water (10 с.о.) were added 
and the mixture was refluxed on a water-bath for 2 hours, when 
sulphur precipitated which was filtered off. On concentrating the 
solution the amino acid was obtained on acidifying the solution of 
the ammonium selt. Itis sparingly soluble in water from which it 
crystallises in small white needles, m.p. 270° (decomp.), yield 
6'5 g. (Found: М, 11°91; B, 18:87. Equiv., 28871. C;HgO4N48 
requires №, 12:06; В, 18°79; per cent. and Equiv., 282). 

(it) o-Nitro-p-toluidine (5 g.) (Brand, loc. oit., Nölting and Collin 
loc cit.), was sulphonated by heating it on а water-bath with fuming 
sulphuric acid (20% ВО») for 6 hours. On pouring the mixture 
in water white solid separated whieh was filtered and purified 
by dissolving in sodium carbonate solution and then precipitating 
with dilute hydrochloric acid. Decomposition temperature, analysis 
and derivatives agree with that of the above. The potassium salt 
crystallised from water in yellowish red stout rectangular plates. 
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(Found: K, 12:90; H0O, 11°44. C;Hj4O&4N48K requires К, 12775; 
H0, 11 77 per cent). 

The eulphonyl chloride was prepared from the potassium salt 
(10 g.) and phosphorus pentachloride (25 g.). I6 ts soluble in benzene 
and toluene from which it crystallises in pale yellow needles, m.p. 
above 260° (decomp.), yield 7 в. (Found: Cl, 1420; 8, 12772. 
0,H,0,N,CI8 requires Cl, 14:19; 8, 12° 77 per cent). 

The sulphonamide was obtained from the chloride* and ammonia 
(d 0'880). Itis soluble in water from which it orystallises in yellow 
plates, m.p. 280°. (Found: М, 18°16; 8,18°85. C©,H,0,N,8 
requires N, 18:18; 8. 18°86 per cent). 

2-Nitro-4-diasotoluene-6-sulphonate ,—2-Nitro-4-aminotoluene-6-sul- 
phonic acid (15 g.) was diazotised a& 0°. The solid separating was 
filtered and washed several times with cold water, yield 9g. Ib is 
insoluble in water and explodes violently at 160° when heated 
slowly and at 164° when heated rapidly. 

9.Nitrotoluene-6-sulphonic acid.—The above diazo compound was 
dissolved in alcohol and refluxed for 8 hours. On evaporating the 
mixture on a water-bath and then in desiccator a dark solid was 
obtained which is very hygroscopic. On drying this solid on в porous 
plate a yellow nonhygroscopic solid remains which was recrystallised 
from water as yellow cluster of needles, m.p. 127°. It gives dark 
coloured salts. (Found: ЇЧ, 5°45; B, 12767; Н.О, 14:08. C,H,0O;- 
NS, 2H.O requires М, 5:58; S, 12°66; H.,O, 14°28 per cent). 

The barium salt is easily soluble in water from which it crystallises 
in dark red needles. [Found: Ba, 1911; Н,0, 19:80. (C;H,- 
O,N8)gBs, 8H,0 requires Ba, 19'20; Н%О, 20'19 per cent]. 

The sulphonamide was obtained as usual by the action of ammonia 
on 2-nitrotoluene-6-sulphonyl chloride (liquid). It crystallised from . 
water in white rectangular plates, m.p. 165°. (Found: В, 14°58; 
C,HgO4N48 requires В, 14:88 per cent). 
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On a New Method of Caloulation of Vibration 
Frequencies of Atoms. 


Ву Brrayvenpra МАТН SEN. 


The frequency of vibration of atoms of elements -has been 
the subject of investigation of several authors (Hinstien, Ann. 
Physik, 1911, iv, 84, 170; Lindemann, Physikal. Z., 1910, 11, 609; Z. 
Elektrochem., 1911, 17, 822; Ber. Phys. Ges., 1911, 18, 1107; Wag- 
staff, Phil, Mag., 1924, vi, XT, 84). Each author has given his own 
formula for computing the value of atomis frequencies, which 
although of great theoretical interest. and of practical importance, 
does not always give values in close agreement with the experi- 
mental ones. It was, therefore, thought by the present author that 
one or more of the fastors on which the atomic frequency depends 
has been lost sight of and itis the object of the present paper to 
discuss such fastors and propose a formula for the determination 
of atomic frequencies of elements which would give results in close 
agreement with the experimental ones. 

In the present formula certain assumptions have been msi 
with respect to the constraint on the atom. The atomic spheres 
which are capable of vibration about their mean positions in an 
environment full of energy may be considered to be under a certain 
state of tension determined by the parachor of the element and the 
electrical field in the neighbourhood. The constraint may be assum- 
pea where P is the parachor 
and V, the atomic volume of the element, ав also to Ze?/r? where 
Z is the valency, e the elementary charge and r, the atomic radius. 

Supposing the substance contains a system of atomic vibrators 
of frequency v, then according to the simple theory of harmonic 


motion, 
d ra ; | 
ИЕ e ua. 
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ed to be directly proportional. to 
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where ‘m’ is the atomic mass and. ‘p’ the constraint on the atom. - 
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Assuming the constraint on the atom to be proportional to the 
factors already indicated, the equation (1) changes to 


„Р-У Ze? 
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We can finally have, . 
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where k = 0'415 x 1012, М = 6-06 x 1023 (Avogadro's number) 
and M = the atomic weight of the element. 


The physical and mathematical significance of the relation 


will form the subject of another communication. 

The values for parachors of elements have been taken from 

Sugden's ‘‘Parachor and Valenoy," р. 181. 
. Ав герахав the atomic radii of the different elements, Bragg’: 8 
values (Bragg, Phil. Mag., 1920, vi, 40, 169) have been throughout 
adopted in the calculations. In the absence of Bragg's value for the . 
atomic diameter of mercury, Perrin’s value (Ann. chim. phys., 
1909, viii, 18, 5) has been taken as it has been confirmed by later 
work (cf. Henry, Compt. rend., 1912, 184, 880) ; Saha’s value, as it 
would appsar from his own statement (Nature, 1921, 170, 682), 
is too small. 

The values for the atomic volumes have been adopted from the 
tables used by Lewis (J. Amer. Chem. Soc., 1907, 29, 1165, 1516) 
and Wagstaff (Phil. Mag., 1924, vi, 47, 84). 

The question of selection of valencies appears to pranoni some 
difficulty in the case of elements with variable valencies. In these 
cases such valency is adopted as is exhibited in the direct formation 
of chlorides or bromides by the action of halogens or in the indirect 
formation oi the stablest halides. | 

Mercury has thus been assumed to be divalent because the free 
metal directly unites with chlorine to form the dichloride (Cowper, 
J, Chem. Soc., 1888, 43, 158; Balard, Ann. chim, phys., 1826, ii, 88, 
887). Slight traces cf mercurous chloride are, however, formed 
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owing to the reducing action of the metal but the compound is un- 
stable and is dissociated in the vaporous state (Harris and Meyer, 
Ber., 1894, 21, 1342). 


Lead has been assumed to be divalent in as igh as lead chloride 
is only formed by the direct action of chlorine on the metal (Weber, 
Pogg. Ann., 1861 112, 659; Fischer, J. Chem. Soc., 1879, 38, 282). 


Copper when heated: in^ chlorine forms only the dichloride and 
is,hence assumed to be divalent. Any trace of cuprous chloride 
formed, however, passes into the dichloride (Mellor, ‘Treatise on 
Inorganic Chemistry’’, Vol. III. p. 168), 


Arsenic forms only the trichloride when the free element burns in 
chlorine gas (Dumas, Ann. chim. phys., 1828, ti, 88, 887; Rose, 
Pogg. Ann., 1841, B2, 02 ; Capitine, J. Pharm. Chem., 1889, ii, 28, 
524). Also, the pentachloride is dissociated at an elevated temperature 
into arsenic trichloride and chlorine. These have led us to assume 
arsenic to be a trivalent element. 


Nickel and chromium have been assumed to be di - and trivalent 
elements respectively as they exhibit these valenoies in their stable 
chlorides. 


In the case of other elements dealt with in this paper their usual 
valencies have been adopted. 

Inthe following tables the observed values of frequencies are those 
calculated by Nernst and Lindemann's atomie heat formula (Z. 
Hlektrochem., 1911, 17, 822), which represents experimental values 
with great exactitude. ` 


TABLE Г. 
Element. Para- Atomic Atomic Val- Atomic У cal. > obs. 
chor. vol. radius. enoy. wt. 
Mercury 69'0 14'8 178 я 20060 2'1 x 1013 9*9 x 1013 
Lead -762 182 190 я 290730 1'64 1'9 
Iodine 91'0 957 140 1 12093 2-1 8:0 
Copper 46'0 7:10 1°37 2 60807 6°85 6°6 
Aluminium 88% 101 185 8 9710 87 88 
Zine 50% 0*6 1:825 2 65°37 5:8 4*8 x 108 
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Hlementse. 


` Bromine 
Bilicon 
Chlorine 
Chromium 

Nickel . 

. Arsenic’ 

` Selenium 


- Bulphur 


- Тһе. values of frequencies 


Pars- 


48'2 


Atomic 
vol. _ 


18°6 


15: 


‚В. N, BEN 
TABLA II. 
Atomic Val. 
radius. ency. 
119 1 
1175 4 
1'0b 1 
140 8 
1'85 9 
126 8 
1176 4 
1095 4 


Atomic 
wt. 


79°92 
28°80 
85°46 
52°00 
58°68 
74°96 
78°20 


82°06 


» cal. » oba. 


2°76 x 1011 eis 
9°96 к 
КОШ 

8°68 T 
7-86 

5°76 

6°67 


12°18 778x104 


o&loulated by the formula, agree 


well with-those observed where such values are available and com- 
pare well with those obtained by Lindemann (loo. cit.) Wagstaff 
(Phil. Mag., 1924, vi, 47, 87), Debye (Allen, Proc. Roy. Boc., 1917, 
A, 9%, 100), and other formulae as indicated in Table III. 
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SUMMARY. 


A new formula has been proposed for the calculation of atomic 
- frequencies from parachor, atomic volume, valency, Avogadro’s num- 
ber, atomic weight and the elementary charge, vis., 
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whioh bears out values observed experimentally as well as those 
. calculated by other formulae. 


. .My thanks are aue to Dr. P. Neogi and Prof. A, Maitra for their 
kind interest in the work. 
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The Formation and Stability of Polybromide Derivatives 
of Heterocyclic Compounds. Part III. The Bromi- 
nation of Some p-Substituted Benzthiazoles 


Ву MAHMUD AHMED BHAHABUDDIN CHAUDHRI, RANOHHODJI 
DAJIBHAI DESAI AND Ковевт PFERGUS HUNTER. 


One of the objects of this series of papers (Farooq and Hunter, J. 
Indian Chem. Soc., 1932, 9, 545) is to examine the effect of substitu- 
ents on the formation and atability of the polybromide; derivatives of 
heterocyclic compounds, and in this connexion it appeared desirable to 
re-examine more closely some of the bromo-addition compounds of 
1-substituted benzthiazoles which were obtained in earlier Investiga- 
tions. The opportunity was also taken to extend our observations to 
the bromination of certain members of the group which have not 
received previous attention. 

It was observed some years ago by one of us that treatment of a 
solution of 1-chloro»enzthiagole in chloroform with excess of bromine 
gives rise to a dibromo-addition product of the thiazole base (Hunter, 
J. Chem. Вос., 1925, 127, 1488). No particular precautions were 
paid, however, with regard to the exclusion of moisture from the re- 
agents employed in the original experiment and we now find that the 
use of sodium-dried bromine and chloroform, which has been dried 
over phosphorus pentoxide in this and in other brominations desribed 
in this paper, has little or no effect on the formation of the bromo- 
addition compound. The dibromide of 1-chlorobenzthiazole in com- 
mon with most benzthiazoles containing a free o- and p-position to 
the nuclear nitrogen atom, gives low values for labile bromine on 
iodometric titration under the usual conditions, although it regener. 
ates the original chlorothiazole on treatment with sulphurous acid (of, 
Hunter. J. Chem. Soc., 1980, 188 ; Farooq and Hunter, loc. cit.), 

Attention was next directed to the tetrabromide of 1-phenylbenz- 
thiazole to which the formula (I) was assigned by Bogert and Abra. 
hamson some eleven years ago (J. Amer. Chem. Soc., 1922, 44, 826). 
The fact that this compound does not yield a sulphoxide (II) on treat- 
ment with mercurio oxide (Hunter, J. Chem. Soc., 1980, 126) and the 
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existence of the tetrabromides of pyridine (Trowbridge, J. Amer. 
Ohem, Soc., 1897, 19, 658) and quinoline (Grimaux, Bull. Soc. chim., 
1882, 88, 124), however, clearly invalidate the thiazonium bromide 
structure and suggest that the tetrabromide probably has the formula 
(IV). If this is the заве, it is clear that a dibromide TID, analogous 
to benzthiazole dibromide itself, should be the precursor of the tetra- 
bromide obtained by bromination of 1-phenylbenzthiazole. 


+ BEA. one 2 BON. 
C.H, < "So-Ph C,H, фй om 
(^O NNB 0707007 | 
(I) 
CoH xe So Ph ^C ad усть 
- an? NBr icti 


Actually a substance aus the composition of а dibromide of the 
phenylthiazole is readily obtained in thé presence of a lower concen- 
tration of the halogen. Both this substance and the tetrabromide 
give low values for labile bromine on iodometrio titration, due to 
nuclear substitution under the conditions of the determination. 

It has been shown in'an earlier investigation that the bromination 
of 1-thiolbenzthiazole gives rise to а tetrabromo-addition compound 
which yields benzthiazolyl-1:1-disulphide on reduction with sulphu- 
rous acid. А re-examination of this tetrabromo derivative has‘shown 
that it is actually a dihydrotetrabromide of the disulphide (V);- three 
of the four bromine stoms being labile towards hydroiodic acid. The 
initial action of bromine on 1-thiolbenzthiazole is clearly, therefore, 
one of oxidation, giving rise to a hydrobromie acid salt- of the disul- 
phide which then a combines with bromine, yielding. the dihydrotetra- 
bromidé (V). 


8 M в ‚©. . 
CoH, e S Z ‘SOC ч Усен, [Bry] 
(V) 

The bromination of 1-methylbenzthiazole, which has not previous- 
ly been examined, presented unusual difficulty. The ultimate pro- 
duct ів а hydrotribromide of а  monobromo-substitution derivative 
which is most probably the 5-bromo compound · (VI), but its forma- 
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tion appears to be preceded by that of в true addition product of bro- 
mine with the unsubstituted methylbenzthiazole. 


Br /NZ 8N | 
Br mee, ys fe hel ve pe NH |е 
_ Br 


НӘ (vm 

This recalls the behaviour of 1-aminobenzthiazole which at low 
temperatures yields a labile ` dibromo-addition compound rapidly 
isomerising to the hydrobromide of 5-bromo-1-aminobenzthiazole 
(Hunter, loc. cit.), and it, therefore, appeared of interest to examine 
the effect of further bromination оп b-bromo-1-aminobenzthiazole. 

At 0°, however, this base underwent nuclear substitution yielding 
a hydrotribromide of a dibromoaminobenzthiazole whose constitution 
(VII) follows from the synthesis of the dibromo base, obtained by 
reduction with sulphurous acid -from 2:4-dibromopheny!thiocarbi- 
mide by way of the thiocarbamide (УШ). 

With substitution of hydrogen ortho to the nuclear nitrogen atom 
in §6-bromo-l-aminobenzthiazole by bromine, further halogen substi- 
tution is suppressed (cf. Dyson, Hunter, Jones, and Styles, loc. cit.) 
and bromination of 8 :5-dibromo-l-aminobenzthiazole under the usual 
conditions gives rise to a tebrabromide (IX), which regenerates the 
dibromoaminobenzthiazole on treatment with sulphurous acid. 


Br, ` 
8 4 
| | СеНВго < ‘NH 
SZ Вон NBr(Br,) 7 * 
dai 


EXPERIMENTAL, 


г  Forthe following experiments, sodium-dried bromine (B.D.H.) 
was used and the chloroform was first dried and thereafter redistilled 
over phosphorus pentoxide. 

1-Chlorobensthiasole dibromide, prepared by ов in & 
vacuum at laboratory temperature the solution obtained by treating 
the chlorothiazolu (1 g.) in chloroform (5 o.c.) with bromine (1 o.c. in 
1 e.c. of the same solvent), formed yellow crystals which had m.p: 
182° after drying in & vacuum. [Found: Br (total), 48°5; Br (labile), 
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27:0. Cale. for C; H,NCIB(Bra), Br (total and labile), 48:6 per 
cent]. It dissolved in sulphurous acid giving а oolourless solution 
which on basification yielded L-chlorobenzthiazole which was identi- 
fied by its properties and by its conversion into 1-anilinobenzthia- 
zole (Hofmann, Ber., 1879, 12, 1126; 1880, 18, 11), which had m. p. 
158° alone and when mixed with an authentic specimen. 

1-Phenylbenzthiazole, prepared by the thionation of benzanilide, 
was redistilled in vacuo and recrystallised from dilute alcohol when 
it formed long needles, m.p. 114° (Bogert and Abrahamson, loc. cit.). 

1-Phenylbensthiazole dibromide.—A solution of the base (2 g.) 
in chloroform (10 ¢.c. was treated with bromine (0'6 e.c. in 0'8 c.c. 
of the same solvent) at 0°, and the mixture was kept in a freezing 
mixture when the dibromide separated in yellow needles, m.p. 119° 
after being dried in a vacuum. [Found: Br (total), 44'0; Br (labile), 
80°9. OC44HgNB(Brg! requires Br (total and labile), 48°1 per cent]. 
On treatment with sulphurous acid, the dibromide regenerated 
1-phenylbenzthiazole which was identified by m.p. and mixed m.p. 
determination. 

1-Phenylbenathiascle tetrabromide.—A specimen of this compound, 
prepared as already deacribed by one of us, showed the usual disere- 
panoy bebween determinations for total and labile bromine (J. Chem. 
Soc., 1980, 188). "The decolorised chloroform layer obtained in iodo- 
metric titration was, therefore, separated, the solvent removed on a 
steam bath and the residue was recrystallised from alcohol. 15 had 
m.p. 98? and contained halogen, but № was not found possible tc 
isolate 6-bromo-1-phenylbenzthiazole on account of the closeness of 
its solubility to that of 1-phenylbenzthiazole in ordinary solvents. 

Thermal decomposition.—A freshly prepared specimen of the 
tetrabromide was heated in an oil-bath ab 120° at 6 mm. pressure 
for 5 minutes, when the compound showed obvious signs of decom: 
position. The residue gave the following figures on analysis. [Found: 
Br (total), 42:2; Br (abile), 22°0 per cent], and yielded 1-phenyl- 
benzthiazole unaccompanied by 6-bromo-l-phenylbenzthiazole on 
reduction with sulphurous acid. 

1-Thiolbenzthiazole was prepared as follows:—A mixture of sace- 
tanilide (500 g.) and sulphur (800 g.) was heated in a pyrex flask at 
its b. p. for 58 hours and the sublimated 1:1-bis-benzthiazole (Hof- 
mann, Ber., 1880, 18, 1223) was extracted with 60% sulphuric acid 
(Lauth, Bull. боо. chim., 1896, 18, 82), isolated by precipitation 
with water and purified by sublimation. An intimate mixture of the 
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bisthiazole (10 g.) and powdered potassium hydroxide (20 р.) was 
hested'in an oil-bath at 200° until complete fusion ocourred. The 
mixture was cooled, treated with ice water (100 o.c.) and the alka- 
line solution of-the sodium salt. of o-aminophenylmercaptan was 
‘filtered; through asbestos ' and neutralised with dilute hydrochloric 
acid. "The mixture of o-aminophenylmercaptan and o-aminophenyl- 
disulphide, so obtained, was extracted with ether and the product was 
reduced with zinc and contentrated hydrochloric acid in the .usual 
way. - A mixture of the zinc salt of o-aminophenylmercaptan (2 g.), 
‘carbon disulphide’ (4 с.е.) and alcohol (25 c.c.) was heated under 
reflux for 6 hours and the oil obtained after removal of. the solvent 
and excess of carbon disulphide was acidified with dilute hydrochloric 
acid. On recryetallisation of the precipitated solid from alcohol, 
i-thiolbenzthiazole was obtained in yellow needles, m.p. 179°. 

- BenathiasolyL-1:1-disulphide dihydrotetrabromide.—A solution of 
the thiolbenzthiazole (1 р.) in chloroform was treated with bromine 
(1°5 с.о. in 1'6 с.с. of chloroform) at 0°. The bromo-addition com- 
pound formed orange plates which had m.p. 127° (decomp.) after 
drying. [Found: Br (total), 66:0; Br (labile), 40°6. O,,H gN28,, 
4-HBr(Brsg) requires Br(total), -65°6;° Br(labile), 49'0 per cent]. 
On reduction with sulphurous acid it yielded benzthiazolyl 1:1- 
disulphide, m.p. 180°. A mixture of the disulphide and the original 
thiolbenzthiazole melted at 159°. 

. . Bromination of 1-methylbensthiasole.—(i) 1G. of 1-methylbenzthia- 
zole (Jacobson, Ber., 1886, 19, 1069) in chloroform (6 о.о.) was treated - 
with bromine (1 с.с. in 1 o.c. of chloroform) at 0°. As no separation 
of a bromo-addition product took place the solution was concentrated 
in а vacuum at leboratory temperature, when an orang-eyellow 
product was obtained, m.p. 76°. [Found: Br(total), 45°5; Br(labile), 
27°2 per cent]. (ii) In a similar experiment in which the methyl. 
benzthiazole (1 g. in 20 c.c. of chloroform} was treated with bromine 
(8 в.с. in 8 с.о. of chloroform), yellow plates were obtained, con- 
taminated by в certain amount of gummy material which was 
removed by trituration with chloroform. The hydrotribromide of the 
bromomethylbenzthiazole obtained in this way melted at 70°. 
[Found: ‘Br(total), 64°56; Br(labile), 88:0. CgH,NBr8, НВкВг.) 
requires Br(tota.), 08:2; Br(labile), 84'1 per cent]. The hydrotri- 
bromide dissolved in sulphurous acid giving a colourless solution which 
on basification, extraction with ether and removal of the ether on a 
steam bath yielded needles of 6(?)-bromo-1-methylbensthtazole, con- 
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taminated by а small quantity of gummy material which was 
removed by washing the crystals with ether, m.p. 120°, (Found : 
Br, 86:8. CgHgNBr8 requires Br, 85`1 per cent). 

Bromination of 5-vromo-l-aminobenathiazole, the isolation of 8:5- 
dibromo-1-aminobenezthiasole hydrotribromide and the synthesis of 
3 :6-dibromo-l-aminobensathiazole from  2:4-dibromophenylthiocarbi- 
mide by way of 2:4-dibromophenylthiocarbamide.—(A). Bromine 
(2 в.с. in 2 c.c. of chloroform) was added to a solution-of 5-bromo-1- 
aminobenzthiazole (1 g.) in chloroform (60 о.о.) at 0°, and the 
mixture wes kept in а freezing mixture when the hydrotribromide of 
$ :5-dibromo-l-aminokenzthiazole separated in beautiful golden plates 
which were collected on porous earthenware and dried in a vacuum. 
On heating the hydrotribromide lost bromine, becoming colourless, 
but was still unmelted at 285°. [Found: Br(total), 72:0; Br(labile), 
80:8. C,H,N,Br$8, HBr(Brg) requires Br(total), 72°9; Br(labile), 
29°2 per cent]. On reduction with sulphurous acid, basification with 
ammonia and recrystallisation from alcohol, 8:5-dibromo-1-amino- 
benathiazole was obtained, m.p. 261°. (Found: Br, 61°9. O,H,N, 
Br,8 requires Br, 52:0 per cent). ИИ 

(В). The 2:4-dibromoaniline used for the following ‘experi- 
ments was conveniently prepared as follows:—-A suspension of 
20 g. finely powdered p-bromoacetanilide in cold potassium 
bicarbonate solution (10 g. in 400 с.о. of water) was mecha- 
nically stirred during the addition, drop by drop, of а Буро- 
 bromous acid solution prepared from precipitated mercuric oxide 
(80 g.), bromine (20 c.c.) and water (600 с.о.). “Stirring was continued 
for а further hour after completion of the additicn of hypobromous 
acid and the mixture was extracted with chloroform. The N-bromo- 
p-bromoacetanilide, obtained by evaporation of tae chloroform at 
laboratory temperature, was heated with a small quantity of glacial 
acetic acid in an оП-БазЬ at 110-80°, and the cooled melt was recrys- 
tallised from alcohol. The dibromoacetanilide obtained in this way 
was hydrolysed with concentrated hydrochloric acid and the solution 
was basified with ammonia (d 0'880), when 2:4-dibromonniline was 
obtained in small needles, m.p. 79°. 

(i) 2:4-Dibromophenylthiccarbimide.—A solution of 2:4-dibramo- 
aniline (5 g.) in chloroform (15 о.о.) was gradually added to а well- 
stirred suspension of thiocarbonyl chloride (6 c.c.) in water (86 c.o.). 
Stirring was continued ior another 4 hour after the completion of 
addition of ‘the amine and the mixtures was extracted with chloroform, 
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On recrystallisation of the residue, obtained by removal of the 
chloroform on а steam bath, from benzene and thereafter from 
benzene-petroleum, the thiocarbimide was obtained in needles, m.p. 
68°. (Found; Br, 54'5. O;HjNBr,8 requires Br, 64'4 per cent). 

(п) 2: 4-Dibromophenylthiocarbamide, prepared by heating a mixture 
of the dibromophenylthioearbimide (2 g.), absolute alcohol (15 c.c.) 
and ammonia (d 0'880, 8 c.c.) for 20 minutes under reflux, separated 
from alcohol in prismatic "needles, m.p. 171°. (Found: Br, 51. 5. 
O,H,gN,Brg8 requires Вг, 51°6 per cont ). . 

(i) 1 G. of 2:4-dibromophenylthiocarbamide іп chloroform 
(10 с.а.) was treated with bromine (1 c.c. in 10.0. of chloroform) and 
the mixture was heated on a steam bath under reflux for 15 minutes. 
As there was no separation of a hydroperbromide on cooling, the 
solution was concentrated in a vacuum andthe product was reduced 
with sulphurous acid in the usual way. On crystallisation from 
alcohol, 8:6-dibromo-l-aminobenzthiazole was obtained as small 
needles, m.p. 269° which remained unaltered when mixed with the 
specimen obtained by bromination of 5-bromo-1-aminobenzthiazole. 

8 :5-Dibromo-1-aminobensthiazole tetrabromide,—A saturated so- 
lution of 8:5-dibromo-l-aminobenzthiazole in 50 в. с. of chloroform 
was cooled and treated with bromine (8 c. c. in 8 в. c. of chloroform), 
As no separation of & bromo-addition compound occurred, the solu- 
tion was concentrated in a vacuum at laboratory temperature, when 
the tefrabromide crystallised in glistening orange needles, which lost 
bromine on heating but were still unmelted at 285°. ‘Found: Br, 
(total), 76°05. C-H,NaBr,8 (Вг,) requires Br (total), 76°4 per cent]. 
A satisfactory determination of labile bromine could not be made 
owing to the very low solubility of the compound in chloroform. On 
reduction with "sulphurous acid, the tetrabromide regenerated the 
original 8 :5-dibromo-1-aminobenzthiazole. 

Note on the action of bromine on thiobenzanilide.—in view of the 
formal similarity between Jacobson’s synthesis of 1-substituted 
benzthiazoles from thioanilides and the preparation of 1-aminoben- 
zthiazoles from arylthiocarbamides and bromine, it occurred to us 
that it might be possible to obtain 1-phenylbenzthiazole by treatment 
of thiobenzanilide in chloroform with bromine under the usual condi- 
tions of thiazole cyclisation of arylthiocarbamides. The following 
experiment was therefore made.— A solution of thiobenzanilide (0°5 g.) 
in chloroform (10 с. о.) was treated with bromine (0'5 в. в. in 0°5 о.о. 
of chloroform) and the mixture was heated on a water-bath under 
reflux for 10 minutes when hydrogen bromide was evolved, cooled 
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“and concentrated under reduced pressure at laboratory temperature. 
ТЮ product obtained by reduction with sulphurous acid, basification 
' with: ammonia and reorystallisation from alcohol, however, differed 
strikingly” from both l-phenylbenzthiazole and 5-bro mo- 1-phenylben- 
 zihiazole and melted at 906°, No trace of 1- phenylbenzthiazole, 
‘which i is readily recognised when present in small quantities by: its 
"eharaoteristie odour of tea roses, could be detected. It, therefors, 
' appears $585 the duplicated ' thioamide triad system present in thio- 
carbamides, = necessary to ‘thiazole oyclisation by bromine. 
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Studies in the Fiayanone Series. 
Ву PRAFÜLLA CHANDRA МтттЕв AND RISH KUMAR SAHA. 


. In their investigation of the tinctorial properties of Jackwood, 
Perkin and Cope (J. Chem. Soc., 1905, 87, 715) found that Jackwood 
contains along with morin a second allied substance, called by them 
cyanomaclurin which is devoid of tinctorial property. When gently 
warmed with dilute alkali, it gives a beautiful indigo colouration. 
It has the formula С,5Н\еОв and on fusion with alkali gives 
B-resoreylie acid ‘and phloroglucinol. Perkin suggested that суапо- 
maclurin is possibly the reduction product of morin just as catechin 
is that of quercetin and assigned to it among others the following 
constitution : | 


Со om | 
5 +. ових ихо — »on | 
сон 
OH OHg Р А r 


But the above corstitution has not been established definitely (vid 
Bhalla and Ray, J. Chem. Soc., 1938, 288). It appeared to us 
worth while to consider the possibility of a -flavanone structure for 
cyanomaclurin in view of the fact that flavanones have been found 
within recent times to occur largely among natural products. 


0 
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It agrees well with the molecular formula and decomposition рго- 
ducts. The characteristic colouration of flavanones with magnesium 
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powder and alcoholic hydrochloric acid, as was given by cyano- 
maclurin isolated in our laboratory, lent additional support to the 
above view. We, therefore, took up the synthesis of cyanomaclurin 
or at least the synthesis of a substance of tha above constitution, 
which, even if it would fail to give synthetic cyanomaclurin itself, 
would sebile after all one side of the question, 

Our first attempt was to prepare the fav anone according to the 
method of Shinoda and others (Chem. Zentr., 1928, il, 1885; 1980, 
I. 229) by condensing phloroglucinol in nitrobenzene solution in 
presence of aluminium chloride with 2:4-dihydroxycinnamoyl chloride 
with the ОН groups suitably protected: 2 :4-Dimethoxy-cinnamio 
acid was prepared at first but all attempts for its demethylation 
failed, 

It has been found that resorcyl-B-aldehyde does not condense 
with malonic acid and sttempts to prepare the dicarbomethoxy- 
cinnamic acid by cor.densing the dicarbomethoxy-f-resorcylaldehyde 
with malonic acid in pyridine solution in presence of piperidine also 
failed. Pyridine, in all probability, decarbomethoxylated the alde- 
hyde and the hydroxy ad thus produced could not condense 
with’ malonic acid. 

The condensation was next attempted in glacial acetic acid 
solution (Spath, Monatsch, 1920, 44, 271). Dicarbomethoxy- B-resor- 
oylaldehyde was condensed with malonic acid in glacial acetic acid 
solution on a boiling water-bath for a varying number of hours 
10, 8, 4, 2, 1). But in all cases the product instead of being 
9>4-dicarbomethoxybenzalmalonic acid was found to be а mixture | 
of. two substances, 2:4-dicarbomethoxycinnami6 acid (a trace) and 
earbomethoxyumbelliferone carboxylic acid. When boiled with 
sodium bicarbonate solution the -latter gives umbelliferonecarboxylic 
acid, m.p. 262°, the -carbomethoxy group being knocked off and 
the latter on heating gives umbelliferone, m.p. 225°. 

Having no other alrernative it was decided to proceed with 2:4. 
dimethoxycinnamic acid -which could be easily obtained in quantity. 
Attempts were also made to convert the above acid into the 
corresponding acid chloride but also to no purpose. PCl, was next 
added to the solution of the acid in benzene and allowed to react 
at а low temperature. On treatment with alcohol, the solution gave 
the ester of known melting point. All attempts to isolate the 
‘chloride, however, met with failure. It was too sensitive and decom- 
gosed ‘on slight exposure to air. Furthér reaction was attempted - 
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in situ. Nitrobenzene was added to the benzene solution of the 
acid chloride, benzene was distilled off under reduced pressure and 
to the nitrobenzene solution of the acid chloride phloroglucinol, 
dissolved in dry ether, was added in presence of AICl,. The conden- 
sation product, which was, expected to contain the flavanone in 
question, was separated from nitrobenzene by steam distillation. 16 
was dissolved in alkali and carbon dioxide was passed in. А very 
minute quantity of white slime was obtained which gave pink 
colouration with magnesium powder and alcoholic hydrochloric acid 
the well known test for favanones. The flavanone, thus obtained, 
could not, however, by any means be collected in appreciable 
quantity and could not, therefore, be identified. 


The acid chloride was next prepared in nitrobenzene solution 
direatly and condensation was attempted but all in vain. 


Attention was then directed to the synthesis of a product obtained 
by the fission of the ring of cyanomaclurin isolated from Jackwood 
in our laboratory and methylating the same. 


| о он 
ui cH" Уон он ou 7 
—- OH он—{ Уон 
CH, | | т 
сн 


\V4 
OH CO 
OH CO 
Oyanomaclurin (?). Chalkone (fission product). 


It was thought that if the assumption of cyanomaclurin having 
& flavanone structure be correct, the synthesis of the chalkone would 
produce valuable evidence in its support. Trimethylphloraceto- 
phenone, prepared from phloroglucinol trimethyl ether and acetyl 
chloride (Kostanecki and Tambor, Ber., 1899, 32, 2261) was 
condensed with dimethyl-8-resorcylaldehyde in presence of 10% 
NaOH giving 2:4:6:2!:4/-pentamethoxychalkone, m.p. 124°, 
~ The chalkone, however, was not found identical with the substance 
isolated from Jackwood which had melting point near about 240°. 
It was supposed that the difference between the two might be due 
to geometrical isomerism as both the substances contain double 
bonds and thai if the natural compound as well as the eee 
one be reduced, the two might become identical. 
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„Тһе synthetic chalkone, on reduction with hydrogen in presence pf. 
platinum oxide as o&talysó, gave a saturated ketone, 2:4:0:2'; dr. 
pentamethoxydihydrochalkone. 


OMe 
MeO /\OMe сна __ »0Me 


| CH, 


OMe CO : 


77 fhe reduced ketone also combined with piperonal in presence of' 
10% caustic soda giving 2:4:6-trimethoxybenzoyl-2’ : 4/-dimethoxy- ’ 


MeO $a Е ү" 


Мм 
№ М. / 
со CH, 


<. 


Он, 


benzyl-8" : 4"-methylenedioxybenzylidenemethane. 

.. Attempts are now being made in. this laboratory-to collect the 
supposed natural pentamethoxychalkone in appreciable quantity 
which will be reduced and compared with the synthetic one. 

‘The ease and readiness with which the chalkone was synthesised 
tempted us naturally to follow the classical method of Kostanecki’s 
morin synthesis (Ber., 1908, 89, 625), so that having obtained some 
amount of 4:6 :2! :4/- -tetramethoxyflavanone by the. method the ex- 
peoted cyanomaolurin would be obtained by one simple step of demo- 
thylation. 

Ditusthslublomostodlanone (Ber., 1809, 82, 2262) was condensed 
with dimethyl] 8- resorcylaldehyde giving 2-oxy-4:6:2/: 4)-tetrameth- 
oxychalkone which melted sharply at 125? and not at 152° 88 recorded 
by Kostanecki. 


т 


т.“ 
5 
- tf 
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° Attempts were made to prepare the flavanone by ring closure 
‘according to Freudenberg’s modification of Kostanecki’s flavanone 
synthesis (Ber., 1922, 88, 1748). А small amount o£ crude flavanone 
was obtained melting between 160-68° (Kostanecki, 168°). But 
‘when attempt was made to recrystallise the substance, almost no 
flavanone was left behind. | 
The chalkone was reduced by means of hydrogen with platinum 
‘oxide as catalyst and gave 2-oxy-4:6:2!:4/-tetramethoxydihydro- 
chalkone, m. p. 100°, which on methylation with methyl sulphate 
i “он. Me0 /\ OMe 
A, 00—0H,—0H,- 7 
OMe b 


and alkali gave a completely methylated ketone, m. p. 80°, which 
„was found identical with the pentamethoxydihydrochalkone already 
prepared. 


-- HXPRRIMENTAL, 2 , 


79; 4.ітеіћозусілпатіс acid.—2 : 4- Dimethoxy- B- resoreylaldehyde 
(8 5.) and malonic acid (12 g.) were dissolved in pyridine (24 o. o.) 
‘and а few drops of piperidine were then added and the mixture refluxed 
for an hour on а boiling water-bath. when CO, was evolved. The mix- 
‘ture was then heated for 6 minutes on в sand bath to complete the 
‘reaction, allowed to cool under the tap and acidified with hydrochloric 
авіа (1:1), when there was copious white precipitate of the dimethoxy- 
cinnamic acid. It was collected, washed, dried and erystallised from 
acetic acid in white scales, m. р. 187°, yield 10 в. (Found :'C, 68:88; 
Н, 6:84 ; OCHs, 30%; М. №. 210. Cy Hg Os(OCH5)s requires O, 
`68 46 ; H, 5°77; ОСН, 29°8 per cent. М. W. 208.) 
| и B-resorcylaldehyde.—4A solution of BiresovosTalde- 
‘hyde (8'9 g.) in &cétone (BO с.с.) was treated with methyl chlorocarbo- 
nate (4:7 р.) and under ice cooling and constant shaking N-NaOH 
(50 e. c.) were gradually introduced. 40 C. в. more of acetone were 
,added and the solution treated with methy! chlorocarbonate and 
' N-Na0H twice more with continuous cooling and constant shaking, 
wlien dicarbomethoxy compound began to separate. On addition of 
‘an équal quantity of water, the substance was obtained in quantitative 
‘yield and recrystallised’ from dilute acetone, m. p. 72°. (Found: О, 
517; H, 8'8. C, Но О; requires C, 610 ; Н; 8'9 per cent). 
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The phenylhydrasone crystallised from dilute alcohol in sandy 
crystals, m. р. 188°. (Found: М, 7:8. С.Н. «Qoa requires 
М, 81 per cent). 

The semicarbazone, prepared in the usual manner, crystallised 
from acetic acid in white sandy crystals, m. p. 185°. (Found: N, 
18'2. C15H440; Ns requires М, 18:5 per cent). 

Dicarbomethozy-B-resorcylic acid.—Potassium permanganate (2 g. 
in 88°2 c.c. of water) was added to а solution cf dicarbomethoxy-f- 
resorcylaldehyde (2 g.) in acetone (16:6 c. c.) with constant shaking in 
the course of 80 to 45 minutes, the temperature being kept between 
40-46? all throughout, The manganese dioxide was removed with SO. 
leaving a white precipitate of dicarbomethoxy-f-resorcylic acid, which 
was recrystallised from dilute acetone, m. р. 159°. (Found: C, 4877 ; 
Н, 8'7. C,,H, 90g requires О, 48:8 ; Н, 8'7 per oent). 

2 :4-Dicarbomethozycinnamic acid and carbomethoxyumbelliferone 
carboxylic | acid.—Dicarbomethoxy-f-resorcylaldehyde (8 р.) and 
malonic acid (18 в.) were dissolved in glacial acetic acid (18 g.) and 
heated on а boiling water-bath (16 hours), On cooling the solution was 
diluted with water and the precipitate consisting of dicarbomethoxy- 
cinnamic acid and carbomethoxyumbelliferone carboxylic acid treated 
with 10% potassium bicarbonate solution under ice cooling. The 
einnamio acid passed into solution, while the other remained insoluble, 

The filtrate was acidified with hydrochloric acid and recrystallised from 
‘dilute alcohol as beautiful white silky needles, m. p. 190°. (Found: 
С, 52°95; Н, 8'82'С,:9;,0, requires C, 62°7 ; Н, 4°07 per cent). 
The ЫШ: was erystallised from acetic acid as БЕШ white need- 
less, m.. p. 201-02°. (Found: C, 54:84 ; Н, 8:11. C,,H,0, requires 
С, 54°64; Н, 8'08 per cent). 
` ` Carbomethoxyumbelliferone carboxylic acid (2 g.) was boiled with 
an excess of 10% sodium carbonate solution for 15 minutes. A highly 
blue fluorescent solution was obtained whichon acidification with 
hydrochloric acid (1:1) gave a white precipitate of umbelliferone 
‘carboxylic acid, which crystallised from alcohol, m.p. 262° and when 
heated 4—5° above its m. p. for 15 minutes gave umbelliferone, m.p. 
225°, (Found: С, 63:0 ; Н, 2'9. Cale: C, 58°2; Н, 2:9 per cent). 

2: 4:0: V: 4-Pentamethozychalkone.—Caustio soda (5%, 10 р.) 
solution was added to а solution of phloracetophenone trim thy! ether 
(5 g.) and dimethyl-8-resorcylaldehyde (4 g.) in alcohol (50 с.о). 
After standing for в time in a warm place, the whole solidified to а 
yellow mass. This was poured into dilute hydrochloric acid and the 
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‚ precipitate was collected and pressed on a porous plate and crystallis- 
ed from alcohol in pale yellow crystals, m.p. 124°, yield 6 g (Found: 
- 0,86:8; Н, 6'0. -Co He 40g requires C. 67:04; Н. 6°14 per cent). 
| 2:4:0:2/:4'-Pentamethozydihydrochalkone.— A solution of the 
‘ pentamethoxychalkone (5 р.) in.pure ethyl acetate (100 o.c.) was 
taken і in a hydrogenation flask with platinum oxide (0°1 р.) added 
“as catalyst. „Тһе flask was evacuated and ‘connected with the 
“hydrogen oylinder and shaken, when absorption of hydrogen took 
place. In about 8 hours theoretical amount of hydrogen was absorbed 
when the. flask was. disconnected and the solution filtered from the 
platinum oxide through a Gooch. Ethyl acetate was distilled off on 
the water-bath and a thick oil was obtained which solidified to a mass 
of colourless crystals after a time. It oryatallised from dilute alcohol 
in well-defined colourless rhombic plates, m.p. 80°, yield theoretical. 
(Found: С, 66°06; Н, b 9. ОзоН «081 гае С, 66° 6; Н, 8° б рег 
cent). | 


The oxime, dti in the usual manner, mm from dilute 
alcohol as shining colourless crystals, m. р. 142°. (Found: М, 8:4. 
СзоНз5О зМ requires М, 8°7 per cent). 

The &emicarbaeone crystallised from alcohol, m.p. 184°, (Found: 
М, 18:0. Co,;Hg7O,Ns requires М, 18'1 per cent). 

2:4:6-Trimethoxybensoyl-2! :4/-dimethoxybensyl-3" : A'-methylenc- 
dioxybensylidenemethane, —2 :4:6-Trimethoxybenzoyl-2 :4. dimethoxy- 
benzylmethane (1 g.) and piperonal (0:4 g.) were dissolved in alcohol 
(10 с.о.) and to the warm solution NaOH solution (5096, 2 р.) was 
added. After standing for в time in а warm place, the whole solidi- 
fied to a pale yellow mass. This was then poured into dilute hydro- 
chloric acid and filtered. The product arystallised from acetic acid in 
shining crystals, то. p. 215°, yield 1g. (Found: C, 68:0; Н, 54. 
Cas HggOg requires C, 68:29; Н, 5°69 per cent). 

2-Ozy-4:06:2/:4'-tetramethozyohalkone.—To the warm solution 
of phloracetophenone dimethyl ether (2 д.) and dimethyl- В resoroylal- 
dehyde (1:6 g.) in alcohol (20 с.с.) NaOH solution (50%, 4 р.) was 
added. After standing for в short time the whole solidified to 
an intense yellow mass. This was then just neutralised with dilute 
hydrochloric acid and the precipitate collected, pressed on a porous 
plate and crystallised from alcohol in yellow crystals, m.p. 125°, 
the melting point does not change in the least even after repeated 
erystallisations for six times (Kostanecki, m. p. 162°). (Found: C, 


4 
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- 66'48; Н, 5:84; OMe, 860, Cy9Hg 0, requires C, 66:8; H, 
:6:80; OMe, 86'5 per cent). 
2-Ozy-4: 6:2/:4'-Tetramethoxydihydrochalkone. — The mere: 
tetramethoxychalkone (2 g.) was dissolved in vure ethyl acetate 
(BO е.в.) and was then reduced by means of hydrogen with platinum 
oxide (0°0б р.) as catalyst exactly in the same manner as in the 
reduction of 2:4:6:2/:4/-pentametboxychalkone. On distilling off 
the ethyl acetate a thick oil was obtained which readily solilidified on 
rubbing with a little ether to canary yellow crystals. It orystalliced 
from ether, m. p. 100°. On methylation with methyl sulphate 
„and alkali it gave 2:4:6:2/:4/-pentamethoxydibydrochalkone which 
proves to be identical with the pentamethoxy saturated ketone 
synthesised before. (Found: О, 65°5; H, 5°90. CıaHgg0g requires 
к. 65:8; Н, 6:80 per cent). 
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-On the Oxidising Enzymes in Betel Leaves 
(Piper Betel). 


By KaLrPADA Basu, MADHAB CHANDRA NATH AND BunEsH CHANDRA 
CHAKRAVARTY. 


Oxidation and oxidising enzymes play a very important ге in the 
plant and animal kingdom and it is not surprising, therefore, that a 
large amount of experimental work and theoretical discussion have 
centeed round the process of biological oxidation. In the 19th 
century we come across the theories of M. Traube, Engler, Palldin 
and Bach on oxidation. At present a great controversy is going on bet- 
ween Warburg (‘‘Katalytische Wirkungen der lebendigen Substanz’’, 
Berlin, 1928) and Wieland (Oppenheimer, ‘‘Handbuch der Biochemie”’, 
1925, Vol. 2, pp. 252-72) about the mechanism of biological oxidation. 
Warburg maintains that biological oxidation is due in all cases to an 
activation of oxygen brought about by the respiratory ferment which 
contains iron and which is like h&min in its constitution. Hydrocya- 
nic acid inhibits biological oxidation because according to Warburg 
it combines with and inactivates the iron of the respiratory ferment. 

Wieland on the other hand holds that the action of the oxidising 
enzymes, dehydrogenase as he calls them, consists in activating the 
hydrogen of-the oxidisable substance (called donator) and this hydro- 
gen of the donator combines with a suitable substance present in 
most cases and this latter substance is oxygen (called the acceptor). 
The primary product formed is hydrogen peroxide which is at once 
decomposed by the ferment catalase which is present in all cells. 
The inhibiting action of hydrocyanic acid is according to Wieland due 
to its retarding effect on catalase. That oxygen can be replaced by 
other suitable acceptors has been shown by Thumberg (Arch. 
Physiol.,:1991, 182, 601; Scand. Arch. Pysiol., 1928, 54, 6) who has 
experimentally demonstrated that in biological oxdations methylene 
blue can very well replace oxygen. 

Recently Keilin (Proc. Roy. Soc., 1929, B, 104, 206, 250) by his 
work on the cytochrome of the’ cell has tried to co-ordinate the 
theories of Wieland and Warburg; according to Keilin the main 
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respiratory system of the cell comprises the following components: 
(a) dehydrogenase, (b) metabolites, (с) cytochrome, (d) molecular 
oxygen. 

It із slear that investigation of oxidising systems in varied and 
simple systems will ultimately enable us to gain an insight into the 
nature of oxidising enzymes and the mechanism of oxidation. 

An investigation of the oxidising enzymes in betel leaves which 
are 80 common in India was therefore taken up. 


EXPERIMENTAL. 


Betel leaves were washed thoroughly under tap water and final- 
ly with distilled water so as to free from adhering foreign matters. 
` Then they were cut into small pieces and rubbed in an iron mortar. 
The juice was then pressed out of the mass by means of а -pressing 
machine. It was then kept in a clean sterile vessel and was centri- 
fuged for about 80 minutes. The juice was then ready for experi- 
ments. It was found to be acidic and was neutralised exactly 
with caustic soda solution (N/2). It was then brought to desired 
Pu value by adding necessary amounts of acid or alkali using Clark 
and Lubb's series of indicators. 6 С.с. of juice of any suitable py of 
the solution was kept: аф constant Pu with M/10-phosphate buffer. 
Thus the reaction mixture contained 10 c.c. substrate solution, 6 o.c. 
betel leaf juice, 2 c.c. buffer and 1 o.c. water in в Barcroft-Warburg- 
respirometer. The same sample of betel juice was used for experi- 
ments with the same substrate which was carried out simulta- 
neously. | . " 

Apparatus.—The apparatus that was set up for oxidation 
measurements was a series of 8 Barcroft-Warburg respirometers 
which could be moved in a thermostat. The fall of pressures with 
the absorption of oxygen was indicated by the manometers, which 
were filled up with Brodie’s solution. 

Each vessel was provided with а reservoir containing caustic 
potash solution to absorb carbon dioxide. 

A knowledge of the volume of the vessels is necessary to find 
out the volume of oxygen absorbed from the noted difference. 
The constant K of the vessel is calculated according to the following 
formula of Warburg. | 
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Where V, із the volume of the vessel, V, that of the liquid in the 
vessel, T the absolute temperature, P, the normal pressure 
(10,000 mm. Brodie) and а, the absorption coefficient of the gas 
that disappears. The volume V of oxygen that is used up in oxida- 
tion is given by Kh = V, where h is the difference of pressure regis- 
tered by the manometer. | 

One Barcroft vessel contained only water of the same volume 
as in other vessels to correet for the changes in temperature. 
Another vessel contained only betel juice at the desired ри with 
buffer to find out the amount of oxygen, if any, absorbed by the 
juice itself. In both cases the correction necessary was found to be 
very small and always taken into account. 

Action of the betel juice on different substrates e.g. hydroqui- 
none, leucine, succinic acid, acetaldehyde, linoleic acid and oleic acid 
was tried. The temperatures employed were 84°4° and 25°. 
A stock solution o? each substance was prepared and 10 c.c. of this 
substrate solution brought to the desired рь before each experiment. 
As already indicated the total volume of reaction mixture was 18 c.o. 

It must be made clear at the outset that the oxidising capacity 
of different samples of juice was different, the limits of variation 
being about 60%. The experiments with each substrate, however, 
were carried out with one and the same sample, and at the same 
time. The following tables indicate the results. 

The following abbreviations have been used in the tables: t= 
time in min.. Pa= pressure difference in cm., K=vessel constant 
and V, =volume of oxygen absorbed in o.c. 


^ 


- TABLE Ia. 
Hydroquinone. 


Temp.- 25^. Strength of stock solution=2%,, 





n 449 = рн 5'2 C Pu 6'2 Pu 8'8 
K =0°0057 К = 0'0051 К = (00049 К 0 0061 . 
раа о 
і Pa. К -з Pa. _ Fi: Pa. - (a; Pa, a 


10 44 002508 5'8 -002958  , 58 002744 4'b 0'02745 
85 186 010402 29'4 0*11424 20-8 0'10192 151 
60 85°8- 080121 87:6 0°19176 8564 017840 951 015817 
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TABLE I b. 
Temp.-84:49,. ` 
ри 4°49 | R52 . | pn 6'@ 
К = 00088 К< 0:008 Е = 0'0048 
Ce TUN y adi Ыы dem RS 
B Fd. o, бю. Yo, а o To, 
10 55 709080205. С 84 003% 54 0:025. 
8b 167 - (09185 - 191  0'0956 180 —0'0768 
015800 | 272 


60 37-9 0*15345 `81°6 0'18066 

. It willbe eviden$ from the above experiments that рн optimum. 
for the enz yme action in the case of hydroquinone is in the neigh- 
hourhood of рыб. It should be mentioned here that hydroquinone 
alone suffars very little oxidation when shaken in a Bareroft 


vessel. 


Temperature- has very little effect on the enzymatic oxidation of 
hydroquinone, as 18 evident from the above tables. 


+ тн 'l'ABLE II а. 





Leucine. 
Temp. =25°. Strength of stook solution 0:296. 
pu 4'494 pa 5289 pu 69 
К =0°0067 K —- 00051 K 00049 
qr «тт au a у 

uc Pa. 2 P. Pa, P o. Pa. Eo. 
10 99  0°01658 4'5 002295 83 0°01568 
85° ББ 008196 78 008978 60 00204 
80 8'5 008605 "9:0 0:0459 70 00848 
90. 8% — 0:04846 101 (05151 90 o'0441 
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Тавгв IIb. 
Temp. =84'4°. 
pu 4'49 рн 539 "pu 6'2 pu 6:8 
К=(}*0055 К 0005 K —00048 К =0°0058 
qure, —-——=— р a e MM a —— 
Р Vo Ра. Fe. CE Ta Pa. Es 


10 -84 00187 88 00190 48 002804 32 001760 
8 656 00808 62 00318 БӘ 0025989 49 002695 
78. 76 0'0418 84  .00490 82 003986 756 0°04126 
120 .9`0 00495 10 070500 108 004044 90 064950 


In this case also the optimum р, equals to 572. 


ТАвге IIIa. 


Succinic acid. 
Temp.=25°. Stock solution = 1% во. 


а 








px 4°49 fu D pa 03 
Е =.0-0057 Е--0-0051 К=0-0049 
t P, y. P. y. Р, y, 
10 17 000989 3-8 001688 47 001928 
95 9:7 0-09109 5-8 009958 60 00294 ` 
60 4-9 009793 84 004984 T0- 0°0848 
120 6-6 0'08762 100 005100 8&3 00487 
'l'ABLE ПТ» 
Тешр.==84°. e tuos 
pu 449 pu 5°2 pu 63 С pa 88° 
Е =0°0086 K 20006 K -0:0048 K 00056 
ё Pa Fe. hd Vo. Ра. Vau Pa Vo 


10 88 001815 49 0095 бв 00944 ат 001485 
85 656 008575 87 0085 89 008086 58 (08190 © 
60 во бою 101 0005 100 омо тз ои , 


> 
Mf = 
[7 


pg 5'2 is again the optimum point. 
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TABLE IV a. 
Acetaldehyde. 


“ 


`Тешр.=25°. Strength of stock solution =M 18. E 


pag Ф 








рн 4°49 n6 
E = 000667 K 0 0087 К = 00057 
—_—=——— ^ pcr. quem ria am. 
i. Pa. Vo, Pa. Vo. Pa. Yo. 
10 61 008477 7-0 0°0851 72 — 004104 
— 85 75 — 0041975 9'O 00459 | 100 0-057 
60 8'0 00156 94 00494 —. 109 (005814 
190 9'8 005586 11'0 00561 11:6 — 006012 
TABLR.IV b. 
Temp. = 84'4°. T 
— >  $nád9 Pu 5'2 - vct ри 68 
| K = 00068 Е 070048 7 K = (00056 
MM. mtn — ын ii agenti tiit, 
t Pa. Vo. Ра, Ро, . Pa. До. 
10 9:0 0°0495 10 0:048 97 0058868 
85 109 00561 . 18 . 00576 111 0°06105 
60 109. 00595  . 126 0°06048 ^ 119 006545 
90 114 — 0'06970 198 0064 196 0°06980 ^ 


The optimum рц is 6'2 and there is an appreeiable temperature 
coefficient. 


Linoleic and oleic acids.—It was found that these two acids dis- 
solved in a solution of sodium taurocholate and sodium chloride. 
Presence of lecithin slightly mereased the solubility of these two 
acids. Blank experiments showed. that neither taurocholate nor 
lecithin was oxidised either alone or in presence of betel juice. Ех. 
periments were done with and without lecithin. Lecithin had a slight 
accelerating effect on the oxidation of linoleic acid in presence of betel 
juice but a retarding effect on the, oxidation of oleic acid.' 


- 


OXIDISING, ENZYMES IN BETEL LEAVES IL: 
TABLE Уа. : 


Linoleic avid. 


. Temp. =25°. · Stock solution=1 o.c. linoleic acid іп 100 в.е. 
soln. containing 5g. Na-taurocholate and 1g. NaCl. 
pu 4°49 pub fu 68 
К=0 0057 А Е = (0051 К = 00049 
i Pa. Vo. Pa, Vo. Pa. Vo. 
10 87 0*02109 5*0 00955 4°0 0'019% 
85 5:9 0°08888 T4 0°03774 6-9 008088 
60 73 ("04181 9*6 0'04898 8*0 9.0898 
90 9*0 00518 11.8 005718 10 0°0490 
Taste Vb; 
Temp. =384°4°, 
Рн 4°49 5'2 рн 6'2 pu 6'8 
К 0:005 z»*005- К =0°0048 К = 0'0055 
онота: qni tos, +, MP pt e am 
i Ра, V^. Ра, V o. Pa, Vo. Pa, Vo. 
10 2"4 001826 HU 0*015 8:3 001584 l4 0:0077 
35 4:5 002476 55 0-092785 59 0*02889 8:6 0*01910 
60 5*6 0*0308 8 7*0 0*0850 74 0°08562 4'b 0°02478 
190 76 0*04180 9*5 00475 10°0 0°0480 6°0 0*0880 
Tasis VI. 
"d 


Ianoletc acid with lecithin. . 


Stock solution same as in Table Va but contains a trace of legitbin. 


Е ag Temp.-84:4?, 
и ри 4'49 pn 62 к 8'2 

Е=0'0055 К = 00048 =0`0055 

qr nnt We tn vemm enn : MÀ 

t. Ра. Ро. Ра. Vo Ра Vo. 
138 80 0°0165 4-9 009016 4-1 009955 
85 6-5 ` 0*08£ 76 "1 0:08408 7*0 0*0885 
` 60 897. 0704695 9:0 0 0489 8:6 0:04780 
90 1097 ово. 101 0*04818 97 005885 


5 
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Tason VEL‘a:- 
Oleio ácld. : : `- 


Stock. solution F c.o: dissolvéd. in 100 o.o. “solution” "of - б g. 
Na-taurocholate and 0'9 g. NaCl. Тешр.=25°;  .  - 


- pu- 4°49 ри 59 : рн 68 
К =0:0087 K=0°0051 - F=0'049 
ке > * Ы CUPS oe m ` us , m ` 
$... Pa, Vo. Ра, ' Fo. - Ра, 5 Fo. 
10 40 00998 4-6 009844 45 002208 
8b 57 . 008949 6:4 0:03953 ^ 8&8 0-08087 
60. '6'0 00849 6:8 — ' 0'08468 67 :0'08988 
190 T2 090404  .- B86 - -0°04487 - 80 00384 -` 
ТавгЕ VIIb. 
Тетр.==84'4°.-. 
pu 4°49 | pa 52 pu Є'@ 
- К=0`0055 7 К 0005. | К = 00048 
———. К gene gerettet, P Mmm Pan 
te Pa. Eos d uw 5a Bb o soa 
10? 3 54 002979 57 00285 ` 58 D02544 
85; © 98 0:05180 107 - (o585 300 0404800 
60° 11:0  0:06050 197 (0885 > 19/4 ' 205959 
i ү Tasia VIII, ' 


Oleic acid with lecithin, 


Stock solution same as in Table УПа but contains a trace of 
lecithin. "Temp.—84'4*, i 





449 . 0 259 - 15 Тб 
=0'0055 K 07005 ZE — 00046 
2 ‚ үчти = nne, 
B Pa, то. Pi. Ta Ра. "o 
10 19 000715 15 00075 19 000576 
85 — 38 001980-- &з- 0000 ~ - 89-— 001879 
e 55 — 008085 62 ою , 9 , 002832 
190 - 80 00440 89 00445, 98 004467 


| Hjfect. of potassium cyanide on the ozidation.—NHiffect of 
potassium eyanide, brought, upto | .the desired ри. оп the 


+ 


э 


б) 
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oxidation of hydroquinone and acetaldehyde in presence of betel 
juice was also tried. Та both cases а retardation was obtained but 
the reaction did rot completely stop. In the case of hydroquinone a 
75% retardation was obtained. In the case of acetaldehyde oxidation 
as the hydrocyanic acid concentration varied from M/860-to M/1440 
the retardation varied from 45% to 20%. Thus the retardation by 
hydrocyanic acid is of a much lower order than that expected on 
Warburg’s hypothesis. 

In the case of acetaldehyde the effect of changing’ its concen- 
tration keeping that of hydrocyanic acid constant was also tried. 
It was found that with the increased concentration of acetaldehyde 
the retardation by hydrocyanic acid decreased. This can be 
éxplained by assuming that the aldehyde cyanhyürin has got no 
retarding” effect’ and as the concentration of the acetaldehyde 
increases that of -the cyanhydrin also increases. Similar results 
were obtained by Wieland and Bertho in their experiments on 
the effect of hydrocyanic acid on acetic acid fermentation (Annalen, 
1928, 467, 95). The following tables indicate the results: 


TABLE IX. 


Efect of KCN on hydroquinone. 


Temp. =84°. Each vessel contains 10 c.c. of 2% hydroquinone, 
5 с.о. betel leaf juice, 2 c.c, buffer, 1 в.о.'М/500-КСМ or water, 


Time. KON. Pressure diff, pu. K. Оз absorbed. 
10 min. absent 168 om. 449 0005 | 0°0816 с.е. 
20 - ' | 81:0 i | ° 01550 
0-7 саб - и i S 01576 
10 present 8'Q 4°49 0°0048 0°001872 
р . ' ЕЕ ба 
20 ^ i 76 7 0*09648 
60 | | 92 | | 0704469 
10 absent 12 62 0°0061 0°0782 
20 | 91-4 0718054 
60 94:5 014945 
10 .-present - 42 62 0'0051 | 0*02149 
E 20 E ө" р vi T9 i E . -7 0-04029 "ec 


ех г ' г x м r r or 
. В i = 9° i T 
80 | - 971 ` 004641 
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TABLE X. 


| Effect of KCN on acetaldehyde. 


Concentration of acetaldehyde was kept constant while that of 
KCN was changed. Hach vessel contained 10 oc. of 44/2-acetal- 
dehyde, б c.o. betel juice, 2 c.c. buffer, and 1 с.с. КСМ soln. 


Temp. =84°, рн 6. А 
К 0:005 К = 0:0448 К = 0'068 Е = (0061 
М /860-KON M [ [720-KON M/1440-EON EON-nil. 
—^`——— А, a Ü pee 
t Pa. Fo P d. Vo. P d Vo Р, [^ 
. 10 69 0'0846 T 0'088 8'6 00516 18:0 0°06886 
85 9-5 0'0475 10'i 0'04848 107 0°0642 127 008007 


60 101 00505 11'0 0°05280 пе 0:0688 166 008466 
120 111 0-0b855 23-0 0°0624 115 0:C690 17:0 00867 


TABLE XI. 
Effect of KON on acetaldehyde., 


Concentration of acetaldehyde was varied while that of KCN kept 
constant. Each vessel contained 10. в.о. of acetaldehyde о? requistite 
strength, 5 с.с. betel juice, 2 c.o. buffer, 1 в.в. M/20-KON. 
Temp.=84°. рн6’2. 
| Е — 00048 Е =0:006 Е = 0:061 


Е 0:006 
M /72-aldehyde M/88-aldehy de M/18-aldehyde M/18-aldehyde - 
—— mm MÀ M 


ь Р 4. is Pa. rs Pa. Yo. P Vo. 
twithcut KON, _ 
10 44 0'022 51 002448 5'5 0088 100 0081 
20 БО 0025 6'0 002388 6'1 0-0860 106 0°05406 
40 6-1 0:08056 7:8 0:09504 7-8 00488 191 006171 
60 67 00385 8'0 0'0884 T 0:045 124 006824 
120  8'9 00445 98 0'04704 81 0'0522 144 007844 


On the catalase present in betel juice.—S ome, experimenta were 
carried out to determine the catalase present in the betel juice. For 
this purpose the juice prepared, clarified and brought to tke desired 
Pu ав in the previous experiments, was employed. An acetate buffer 
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of pu 5'8 was used. Each Barcroft vessel contained 10 в.с. of 
M40 hydrogen peroxide solution at pa 5'8, б c.c. of betel juice at ри 
6:8, 2 с.с. of acetate buffer and 10.0. of water brought to py 5^8. 
The catalase decomposed Н.О. liberating oxygen and that caused an 
increase іп pressure which was noted. ' Table «XII shows the 
гей. 


TABLE ХП, 
.* Тешр.=84°4°, 

Time. Pressure diff. Рн. ` К. ОЮ liberated. 
10 mins. 17 om. 563" 0*0051 ‚ 0 0887 o.c. 
85 28. : 2 Я ү 0'1498 
60 | 87 | | 01887 _ 
B0 40 0 2846 


Effect of hydocyanie acid on betel juice catalase was also tried. 
Along with the above mentioned experiment three other experiments 
were simultaneously carried out in which 1 o.c. of water was replaced 
by 16.0. of KCN of different strength, but all brought up to рн 68. 
The results in Table XIII show considerable retardation of catalase 
action. 

Taste XIII. 
Effect of hydrooyanic acid on catalase. 


Each vessel contains 10. о.о. of .M/40-H 40$, 5 с.о. of betel leaf 
juice, 2 o.c. of acetate buffer, 1 o.c. of KCN. Temp. =84'4°. 


Time. Oonoc. of Pressure diff. P. K. Os liberated. 
KON. 
10 min. М /880 5°5 cm. 5'8 0'005 0°02725 c.c. 
85 5'5 - 0°055 
60 14°6 0°078 
190 20'8 0104 
10 M|190 6:8 5'8 0'0048 008024 
85 12'1 0°08808 
80 160. 0`0768 
120 91:9 " 010176 
10 14 [1440 T2 58 00059 0*04248 
85 148 008487 
60 14'8 010502 
120 290 01998 
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Discussion. 


= 


It is clear from the above experiments that betel juice is capable 
of bringing abouj the oxidation of many substances. It is scarcely 
possible that'a single enzyme is active in all cases ; a d:fference in 
pu optimum also points to that. 


As regards the mechanism of oxidation Warburg’s theory alone is 
scarcely sufficient to explain all the observations. Hydrocyanio acid 
does.hof completely inhibit the oxidation. On the other hand the 
inhibition of oxidation by hydrocyanic acid appears to be of-the same 
order ag the inhibitions of catalase action by hydrocyanic acid. This 
lends! strong support to the views of Wieland according to whom 
hydrogen peroxide is the primary product of all biological oxidations 
in п oxygen which is аб once decomposéd: by: the catalase present. 


. Our grateful thanks are due to. Prof, J. C. Ghosh, for his kind 
interest in the work. wo AS. eh — 
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Dacoa Umivurstrr, Dacca. 


Synthesis of 2J-cgeloPentene-1 :3-dicarboxylic Acid : 
Its Relation to Glutaconio Acid Derivatives. 


Ги у " 


Ву Brrenpra Lat NANDI. 


It has been shown by Kon and Nanji (J. Chem. Koc., 1982, 2420) 
that the ability to exist in stereoisomerio forms is not essential to 
glutaconic character. Thus the cyclic glutaconic acid derivatives 
(I) and (II), in which stereoisomerism is precluded due to ring forma- 
tion, behave like ordinary af-disubstituted glutaconic acids. They 
form hydroxy anhydrides and. their esters yield stable potassio 
derivatives and can be readily methylated. 


OH CH; 


2 
H,C/\C'CO,H ads 00,H 
H,ON/C'OH,CO,H Наб ос CH4700,H 
Ma. 
(LI) 
CH:-CO,H CH,'COgH. 
H cH 
20 H,0/ NCH 


Hs —— QO'CO&4H 
CH 

| quj ay) 

Further support’ has been put forward by a recent paper (Kon 
and Nandi. J. Chem, Soc., 1988, 1628) by synthesising and studying 
the properties. of the A?-tetrahydroisophthslic acid (III) and its 
ester. Though the acid (III) does neither form & neutral nor an 
enolic anhydride, its ester can readily be alkylated proving the 
presence of a mobile hydrogen atom | j 

The present investigation waa undertaken to synthesise the 
A?-cyclopentene-1 :3-dicarboxylic acid (IV) in order to compare its 
character with that of glutaconic acid derivatives. It may be 


mentioned here that this acid (IV) is a true ay-disubstituted gluta- 
сопіс acid in which the two carbon atoms of the propene chain are 
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part of the five-membered ring. The synthesis has been effected 
by the following method. 

Ethyl butane tetracarboxylate (Perkin, J. Chem. Soc., 1804, 6B 
578) was eyolised in presence of sodium ethoxide, following the 
method of Uscha@kov (J. Russ. Phys. Chem Boc., 1929, 61, 795), and 
then decomposed with dilute acid giving rise to (VI) with elimination 
of ethyl carbonate. The ketonic ester was «һер reduced by means of 


CH-COgS Е 
mx CH(COgEts > dis = 
H,C!—_CH (C0, Rt), H,C-—0H’CO,Et 
(V) (УГ 
OH-:COg4Eb CH'CO,Et 
н, yon oH uM "- T 
H40——OH:COgEf = H,C'—C'CcO, Et 
(УП) (VIII) 


hydrogen in presence of platinum oxide апа the hydroxy ester 
dehydrated to ethyl «.°-cyclopentene-1 :3-dicarboxylate (VIII). Cold 
alkaline hydrolysis of this ester gave the unsaturated acid (IV). 

A second attempt to synthesise ethyl A? -cyclopensene-1 :8- 
dicarboxylate by the condensation of ethyl A!-cyclopentene carboxy- 
late with ethyl oxalate, an observation of Lapworh (J. Chem. Koo., 
1901, 79, 1265) who studied the condensation of ethyl oxalate 
with ethyl crotonate and similar esters containing the system 
—Он„-б=0—00-, was unsuccessful under various experimental 
conditions (tide Kon and Nandi, loc. oit.). 

Ethyl A%-cyclopentene-1 :8-dicarboxylate formed a stable sodio 
derivative and could be readily methylated. The methylated ester 
was hydrolysed to the corresponding acid (IV). The acid appeared 
to be quite stable to alkali like A?-tetrahydroisophthalic acid and 
the acid was recovered unchanged after 7 days’ boiling with 20% 
potassium hydroxide solution. Attempts were made to prepare a 
neutral or an enolic anhydride without success. This result is not 
surprising as it can be shown from a model that an acid of this type 
should not give an anhvdride readily. 

. Thus all the cyclic glutaconic acids (I, IT, ПЕ & IV), in which 
stereoisomerism is precluded due to ring formation, .dispiay the 
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properties characteristic to the glutaconic acid derivatives. With the 
observed facts it can be deduced that, in glutaconic acid derivatives 
tautomerism and stereoisomerism are independent of each other. 
, Though the isomerides could not be isolated in acids (I) and (II) (the 
_terminal carbon atoms in acids III and IV being symmetrical, the igo- 
merides are identical) still they showed the presence of a mobile 
hydrogen atom which was responsible for the so- called ‘glutaconia 
character.’ 


EXPERIMENTAL, 


Ethyl eyelopentanone-2:5-dicarboxylate (VI).—A mixture of ethyl 
malonate (960 р.) and ethylene dichloride (316 р.) was slowly added 
to а cold solution of sodium (188 д.) in absolute alcohol (1982 c. с.) 
апа the whole was thoroughly mixed by shaking for 10 minutes as ʻa 
jelly like mass might be formed. The mixture was transferred 
inte pressure bottles (8), securely corked and tied down and Heated 
on а steam-bath for 12 hours. The alcohol was removed under redu- 
ced pressure and the residue was taken up in ether. The ethereal 
solution was washed thoroughly with dilute sodium carbonate 
solution, acid and then water. After removal of ether the brown 
residual oil was distilled in portions of about 100c.c. The fractión 
b. p. 150-192°/8 mm. was redistilled giving 250 g. of pure ethyl 
but&ne tetracarboxylate, b.p. 170-190°/5 mmi. 


The above ester (180 р.) was added to sodium (18 р.) in 260 o.c. 
of aleohol (dried over calcium) and boiled under reflux for 8 
hours.’ The alcohol and ethyl carbonate were removed under redu- 
ced pressure, 200 o.c. of water added and the solution cooled ina 
freezing mixture and slowly decomposed (below 5°) by addition 
of 60 в.в. of 20% sulphuric acid. The oil was extracted with ether, 
washed with- sodium carbonate solution and then with water and 
the ether removed. On distillation some unchanged initial material 
was obtained together with а lower fraction, b.p. 150-185°/26 
‘mm. which on refractionation gave 80g. of the ester (VI), b:p. 
169-175°/18 mm. It gave intense red colouration with ferric 
chloride. 220, 1° 811.; ть, 1`4567 ; [Ri |», 54°86; (cale. 54°55). 
(Found: C. 51:8 ; Н, 7:0. C,, H,405 requires О, 67:0; Н, 7:0 per 
cent). 


6 


280 ME В; Г, NANDI 


- - Ethyl oyelopenzanol-2 :5-dicarbozylate (VII).—80 G. of the keto- 
"nio ester were mixed with 200 c.c. of rectified spirit, 1 c.c. of ferrous 
‘chloride solution (0'18 g. per litre) and 2-g.-of platinum oxide cata- 
lyst)''Organio Synthesis,’’ vol. 8, p. 92) were added to -t and shaken 
with hydrogen, The -theoretical volume of hydrogen was absorbed 
in 8 hours; Тһе catalyst was filtered off, the solvent removed: under 
reduced pressure and the residue djstilled at 173-176? лла, 
yield 25 g. 


Ethyl A*-cyclopentene-1 :8-dicarbozylate (VITII).—25 G. of the Һу. 
droxy ester (VII) in 20 g. of pyridine were cooled in a freezing 
mixture and 14 g of thionyl chloride introduced drop by drop with 
constant shaking. After 12 hours, water was added and the ester 
extracted with ether. The unsaturated ester had b.p. 168°/21 mm, 
yield 18g. d2* 3, 11191; np, 14504; [Ry |p 64:84; icale. 58°97). 
(Found:.O, 621; Н, 7:4, C,,H4,40, requires С, 02/72 ; Н, 75 
per cent). 


_ Ethyl AJ -oyclopentene carboxylate was prepared from cyclopen- 
tanone essentially as described by Kon and Nandi (loc. cit.) in the 
preparation of ethyl tetrahydrobenzoate. The dehydration of the 
_eyanhydrin was best effected by means of Р.О, in benzene (55%). 
. The use of thionyl chloride alone as dehydrating agent (Ruzicka and 
Brugger, Helv. Chim. Acta, 1926, 9, 899) was found unsuccessful, 
while pyridine and thionyl chloride gave an yield of 1C% of the un- 
. saturated cyanide, b. p. 68°/22 mm. 42 G. of the unsaturated 
cyanide were refluxed for 12 hours with 170 с.с. of absolute alcohol 
and 70 с.с. of concentrated sulphuric acid. The unsaturated ester 
distilled at 71°/11 ram., yield 80 g. 


All attempts to condense ethyl oxalate with ethyl A!-cyclopen- 
tene carboxylate failed when sodium or potassium was used in 
neutral medium (benzene or toluene) or in alcohol (Kon and Nandi, 
loc. ctt.). 


Z9-oyoloPentene-1:8-dicarboaylio aoid dv). —]10 G. of the ester 
(VIII) were left at room temperature with 4:5 р. of caustic soda in 
20 c.c. of water and 25 c.c. of alcohol. After 2 dars the alcohol 
was removed under reduced pressure, the solution diluted, acidified 
with dilute sulphuric acid, evaporated to dryness and extracted with 
acetone. The acid, m.p. 150°5°, insoluble in ether, wes crystallised 
from hot water in irregular plates. (Found: С, 588; Н, 6°0, 
C,H ,0, requires C, 58:8; Н, 5°1 per cent). 
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Methylation.—10 G. of the pure unsaturated ester (VIII) were left 
overnight with 171 в. of molecular sodium in 10 с.с. of dry benzene; 
as only a part of the metal had dissolved, the mixture was boiled on 
the steam bath for 6 hours. An excess of methyl iodide was then 
added and the vigorous reaction completed by heating for an hour. 
The isolated ester could not be distilled without decomposition. It 
was hydrolysed with caustic potash solution by boiling for an hour. 
The methylated acid was extracted with ether in a continuous extrac- 
tor and crystallised from water (charcoal) in fine white crystals, 
m.p. 226? (decomp.). (Found: С. 564; Н, 57. ОНО. 
requires C, 66:4; Н, 6:8 per cent). 

Action of alkali оп acid (IV).—The acid (5 р.) was heated with 
60 c.c. of 20% potassium hydroxide solution in & sealed tube at 100° 
for 18 hours, in another experiment the solution was boiled for a 
week. The acid was recovered unchanged in both cases. 

Unsuccessful attempts were made to prepare the hydroxy anhy- 
dride ог the anhydride by boiling the acid with acetyl chloride cr 
with acetic anhydride, in both the cases the original acid was 
recovered unchanged. 


[IMPERIAL COLLEGE ов ЗотемоЕ, LONDON, 
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The Alkaloids of Holarrhena Antidysenterica. Part П. 
Two further New Alkaloids from the Bark and 
the Seeds of Indian Holarrhena and their 
Constitutional Relationship to Conessine. 


By SALIMUZZAMAN SIDDIQUI. 


In collaboration with P P. Pillay, the author communicated 
in Part I (J. Indian Chem, Soc, 1982, 9, 558) the isolation 
of one non-oxygenous and two oxygenous new bases from the 
bark of Indian Holarrhena and characterised them in some detail. 
The present paper deals with the isolation and characterisation of 
of two further new alkaloids, named isoconessimine (СозНзв М2) 
and conimine (Со Нав №), initially from the seeds and subse- 
quently from a fresh working of the bark of Indian Holarrhena. 
It further embodies the results of mvestigation into the relationship 
of the non-oxygenous bases to conessine. 


Out of the three new bases from the bark communicated in 
Part I (loc, cit.) only holarrhimine and conessimine could so far be 
isolated from the seeds. The yields of the new bases approximately 
amounted to 0'02 95, but as their complete purification entailed an 
enormous loss of material, the actual quantities of the bases present 
in the plant are likely to be far in excess of these yields. The 
nomenolature of the secondary bases is intended to mark their rela- 
tionship to conessine and is based on the assumption that the 
difference between conessimine and  isoconessimine depends on 
whether the active H is attached to the one or the other of the two 
basic nitrogen atoms, and that in conimine one active Н is attached 
to each of the two nitrogen atoms. This assumption is fairly justified 
by the results of methylation of ‘the secondary bases but a fuller 
‘investigation into the problem is in progress. 


-=^ 1 
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The isolation of these alkaloids was based on the differences of 
‘their basic strength and the separation of the secondary bases as 
petroleum ether insoluble carbonates. Thus the more strongly basic 
disecondary base conimine is precipitated өз a carbonate on passing 
carbon dioxide through & moist ethyl acetate solution of the second- 
ary bases, while conessimine and isoconessimine remain in solution 
and are separated from each other by means of fractional crystalli- 
sation from ethyl acetate, in which isoconessimine is more soluble 
than conessimine. The main portion of isoconessimine, however, 
was isolated out of the fraction of .tertiary bases from the final 
mother liquors of conessine hydrogen oxalate, by fractionally preoipi- 
tating the bases from the aqueous solution of the crystalline hydro- 
bromide with. ammonia and caustic soda. ОЁ the three fractions 
finally obtained by this process, the middie fraction crystallised 
almost completely from acetone, yielding a base melting at 85°. 
On repeated fractional orystallisabion of this base from petroleum 
ether and acetone, the middle fraction finally yielded isoconessimine 
which melted at 02? and gave & large depression in its melting point 
on admixture with conessimine. 

In view of the isolation of three crystalline bases from the 
mother liquors of conessine hydrogen oxalate by the above mentioned 
process (from the seeds), it becomes rather doubtful, if- Eaworth’s 
norconessine (J. Chem. Soc., 1982, 681), which was isolatec from a 
corresponding fraction of the alkaloids from the seeds and. form an 
uncrystallisable liquid inspite of the high moleoular formula 
Og3HggNgq, could be rightly considered as a uniform product, parti- 
oularly when the ‘base from the oxalate was not subjected to a 
fractional- distillation. Haworth himself states that it was not 
possible to get pure conessine oxalate merely by. fractional 
crystallisation and 16 is open to doubt, if what was not possible 
in case of conessine oxalate was so in case of norconessine 
oxalate. N DE {, 

‘-The acetyl and benzoyl derivatives of conessimine were prepared 
as additional proofs of its secondary character, already -ndicated 
by its forming a nitroso derivative (loc. ctt.), Its methylation 
to a ditertiary base presented special difficulty as the methyl iodide 
in various solvents and- under varying conditions invariably added 
itself on to the tertiary М, yielding a product which combines in it- 
gelf the characters of a secondary base and a quarternary methiodide. 
Thus it gave an unstable nitroso derivative and picrate, but the 
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base ‘could not be liberated from its aqueous solution by caustic 
gods. 


Failing this method of methylation, refluxing the base fora 
couple of hours with one mol. each of formic acid and- formaldehyde 
‘at 100° was-tried with success. The methyl base was obtained in 
a yield of 70% of theory, but rather against expectations it melted 
higher than conessimine апі was proved to be conessine by the 
‘determination of the mixed melting point and optical activity. 
Following up this method of methylation both isoconessimine and 
conimine gave conessine in nearly theoretical yields, and the 
mixture of the petroleum ether soluble bases (from 2 kg. of the bark), 
left after the separation of conessine, gave on direct methylation a 
further yield of 0'4% conessine, the total yield of the base thus 
amounting to 0°8% 

Nearly all the previous authors who have worked on сопеввіпе 
have noted that it forms а red solution on heating in solvents and 
have recommended as little heating as poasible to avoid loss in the 
yield of the pure base, A certain amount of heating, however, is 
unavoidable in the process of isolation and it was found that the 
reddening of solution is reduced to a minimum if the solvents are 
distilled off in a current of carbon dioxide. In contrast to conessine 
the solutions of the corresponding secondary bases are much leas 
inclined to turn red on heating. This observation is of interest, as 
a similar behaviour has been noted before in respect of the 
corresponding secondary and tertiary bases. Thus nicotine turns 
dark on standing while nornicotine is fairly stable (Braun and 
Weissbach, Ber., 1080, 63, 2018). Also methyl anabasine is less 
stable than the corresponding nor-base anabasine (Orechoff and 
Norkino, Ber., 1982, 65, 725). 


At the close of the present investigations, Bertho, Schukmann 
and Schönberger, (Ber, 1988, 66, 786) recorded the isolation of 
three new bases from the kurchi bark, namely conessidine 
(Cg;HggNg), m. p. 128° conkurchiae (CggH3 Ng), m.p. 158° 
and kurehenine (C59,H44043N3), m. p. 885-86°. In view of the 
number of their carbon atoms and N-methyl groups, as well as their 
melting points and optical activity (vide Table), isoconessimine and 
: eonimine are quite distinct from conessidine and conkurchine, 
which may possibly be isolated later from the final mother liquors, 
which are under investigation, 
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Table showing the non-oxygenous bases from the bark and the 
seeds of Holarrhena antidyaenterica. 


т 2 


‚ Alkaloid. Formulas, M. р. 

Kurehine Or Hag N4 1б° 
norOonessine 09 Нз № Паші 
Conessine СяНи№ 126° 
Conessimine - ОзНи№ 100° 
ísoOonéssimine О Haa № 92° 
Conimine ` . CysHygNg 184° 
‘Goneniding Ca ban: 


Conkurching  OsgHggNg 159^ 


$a x à 2 


[а]ь. , No. of Active. | 


N-OH3 H Author. 
groups. after "E 
Zerevi- 
лой. 

46 4* " Not TM Ghosh 
in absolute al- mention- & 
oohol, —7'07 ed Ghosh 
in chloroform | 

+6'1° 8 Hawor;h 

497:0* 8 Ав ак 
in absolute el- by Biddiqui 
cohol and Pillay 
— 22°5° 2 1 Siddiqui 
& Pillay 
+ 80° P. 1 Present author 
— 80? 1 * 9 $5 os 
— 52 2° 1 Not Bertho, 
in chloroform mentioned Schuckmann, 
& Sohinber- 
-ger 
— (1:4? 0 Do TI 


in 06 % alcobol 


EXPERIMENTAL, 


` Isolation of the bases from the seeds.—The well powdered seeds 
(20 kg.) were macerated with a mixture of alcohol and concentrated 
ammonia (9:1) and then heated фо boiling for about: 4 hour. 
After the temperature has come down to about 40°, 1096' alcoholic 
potash was added and well stirred and the first percolate drawn out 
aiter a week, Six further percolations were subsequently made with 
cold 5% aleoholic potash anc the combinéd percolates acidified with 
acetic acid and freed of the solvent in vacuo below 40°. 
-greenish brown residue was extracted with light petroleum till free 
- froni-the oil, then made strongly alkaline with caustic soda and extrac- 


.ted with ether--and finally chloroform. 


‘The pasty 


The ether and chloroform 


éxtracts yielded, through the hydrochloride, 18C g. of the total 
alkaloid as a light reddish yellow treacle. Working on the basis 
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of the method outlined in the, introduction, 40 g. of conessine melting 
at 128-24? and 2'6 в. of isoconersimine m.p. 92°, were obtained from 
the non-carbonate-forming fraction, while cunimine, m.p. 184°` and 
2 g. of isogonessimine m. p. 80-00? were obtained from the corbonate: 
forming fraction, after separating from the later the insoluble 
sulphates, which yielded 8 g. of holarrhimine, m. p. 188°, after the 
method given for its isolation in Part I. (loc. cit.) 

Isolation of the bases from the bark.—Working up 80 kg. of 
freshly collected, dried bark after the method given in the last 
communication (loc. ой.) and using the process of separation of 
alkaloids worked out on the seeds, conessine (100 g., m p. 198-94° 
and 20 g. second crop, m. p. 120-21°, total yield, `0°4 %), and 
tsoconessimine (2 g.) were obtained from the non-carbonate frac- 
tion and conessimine (16 g., 0°05 %), isoconessimine (10 g., 
0°03%) and conimine (8 g., 0'01%) from the carbonate fraction, The 
sulphate group yielded 0'1 № of holarrhimine, traces of holarrhine, 
and the orystalline residual alkaloid from the mother liquors of 
holarrhimine, which slowly melt from 160° to 178° (yield 0°05 %). 
The melting points of the different bases from the bark were identi- 
cal with those of the corresponding bases from the seeds, the respec- 
ive mixed m. p. showing no depression. The values of the optical 
activity of the corresponding bases were also identical within limits 
of error. | 


Oharacterisation of Alkaloids, their Salts and Derivatives. 
isoConessimine. 


isoConessimine orystallises from its concentrated solutions in petro- 
leum ether or more easily from acetone in puffs of white needles or 
clusters of well formed broad needles, which in contrast to conessine do 
not change into plates on stirring. It melts at 92° (corr.) and its solu- 
bility in acetone is distinctly greater than that of conessine. It is 
readily soluble in all the other common organic solvents. In 1°00% 
solution in absolute alcohol it showed a rotation. аъ = +80'0°. 
(Found: С, 80'4, Н, 11:1; М, 8'1. Cg3HsgNe requires C, 807; Н, 
111; N, 8'2 per cent). After Herzig and Meyer’s method it 
showed the presence of 2 N-methyls. dicun CH;, 95. кшш 
requires (for 2 N-CH,) CH3, 8'8 per cent]. 

After Zerevitinoff i& showed the presence of 1 aotive H. Found: 
H, 0°22; CagHggNg requires (for 1 active Н), H, 0'29 %]. On 


Т 
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crystallisation from moist ethyl acetate the dihydrate of the base was 
obtained in aggregates of needles melting et 88-92°. (Found in air 
dried substance: C. 72°€; Н, 111. CogH3gNg,2H,0 requires C, 
72 0; Н, 11'1 per cent). :soConessimine forms в carbonate on passing 
а vigorous current of moist CO, through its petroleum ether solution, 
but the carbonate is much less stable than either conessimine or 
conimine carbonate, and forms a sticky. semi-solid mass. On 
exposure to air isoconessimine absorbs moisture and CO, from the 
atmosphere and then melts from 80 to 85°, but the original melting 
point is restored on complete drying in vacuum over chloroform. A 
similar behaviour has also been noted in case of conessimine. 

isoConcssimine hydrochloride was prepared by bringing together 
the components in ethereal solution and crystallised from a little 
alcohol and acetone. It forms a white crystalline powder, m. p. 885° 
and is exceedingly soluble in alcohol and water. (Found: Cl, 16°9. 
Обоз H4 Ng, 2 HCl requires Cl, 17:1 per cert). 

isoConessimine chloroplatinate, prepared by adding 5% platinic 
chloride solution to an aqueous solution of eonedine hydrochloride, 
formed a dull orange coloured semi-erystalline powder, which begins 
to darken at 270°, melts with decomposition at 285° and is insoluble 
m alcohol and water. (Found: Pt, 26°0. C44HggN,, ЗНС PtCl, 
requires Pt, 25:0 per cent). 

isoOonessimine hydroiodide was obtained by adding potassium 
iodide solusion to an squeous solution of the hydrochloride as long 
white needles, melting at 316°. In contrast to the hydroiodide of 
conessine and its ‘nor-bases, conedine hyaroiodide is quite readily 
soluble in cold water. | | 

isoConeaaimine picrate was obtained by adding an aqueous solution 
of picric acid to an aqueous solution of the hydrochloride. It forms 
clusters of lemon yellow rectangular plates and broad needles from 
dilute alcohol which give o£ water at 110°, shrink down af 160° and 
melt with decomposition at 198-200°. Ib is difficulty soluble in hat 
alcohol and water. 

isoConessimine hydrobromide was prepared by adding an excess of 
potassium bromide to an aqueous solution of the hydrochloride. It 
separates out in long silky needles and planks, which are very soluble 
in water and a little less во in alcohol, m.p. 844° (decomp.). 

Methyl isoconessimine: Conessine.—0'28 G. of isoconessimine 
was refluxed on the water-bath for an hour with 1'2 mols. each of 
formaldehyde (40 % solution) and fermic acid (25 % solution). On 
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working up the reaction product as in case of the conessimine 0°18 g. 
(60 % of theory) of conessine (m.p. 125°) was obtained. (Found: 
О, 80°75; Н, 11°27; М, 7:87. Cg,H,gNg requires С, 80°99; Н, 11 3; 
N, 7°87 per cent). 


Conimine. 

Oonimine orystallises from its fairly concentrated solution in 
ether, petroleum ether, ethyl acetate or acetone in clusters and stars 
of needles, m.p. 180? (corr.). It is comparatively less soluble in all 
these solvents than conessimine. Its rotation in 1% absolute alcoholic 
solution was а* = —80°. (Found: С, 799; Н. 11:0; N, 87. 
Og 4 H3 Ng requires C, 80:5; Н, 11:0; N, 8:5 per cent). Itorystallises 
from moist ethyl acetate as a hydrate, m.p. 180°. (Found: H,O, 
9:0. C39 Hg №, 2 НО requires Н.О, 9:89 per cent). The dehydra- 
ted base showed the presence of two active Н after the method of 
Zerevitinoff. [Found: Н, 0:545, СозН.в Мо requires (for 2 active 
Н) Н, 0:609 per cent] and of only one №-СН., after the method of 
Herzig and Meyer. [Found: СН», 61. Оз Нав Ма ga (for 1 
N-CH3;) ОН%, 4°6 per cent]. 

Conimine hydrochloride was obtained by adding еа: HCl to 
an ethereal solution of the base.  Crystallised from a little methyl 
alcohol and acetone it forms nearly colourless aggregates of needles, 
m.p. 818-20? (decomp.) and is easily soluble in alcohol and water. 

Conimine chloroplatinate was prepared by adding an aqueous-solu- 
tion of 5% platinic chloride to an aqueous solution of the hydrochlo- 
ride. It forms a light orange coloured powder, m.p. 296-98° (decomp.) 
and is very sparingly soluble in hot alcohol or water. (Found: 
Pt, 26°86, 26:58. CogHsgNg, 2 HCl, PtCl, requires Pt, 26°47 per 
cent). 

~ Conimine picrate was prepared by adding aqueous picric acid to 
the aqueous solution of the base in dilute hydrochloric acid and orys- 
tallising the semisolid precipitate from hot water, when it forms clus- 
ters of brilliant yellow prismatic rods, which shrink at 184° and melt 
at 140-41°, It is very sparingly soluble in hot alcohol and water. 

Conimine hydroiodide was obtaiaed by adding a concentrated solu- 
tion of potassium iodide to a solution of the base in dilute hydrochlo- 
ric acid as a semi-solid precipitate which soon turns crystaline. It 
сгувіаШвев from water in white prismatic rods, m.p. 298°. Ib is 
- fairly soluble in alcohol, less soluble in water, x : 
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Dimethylconimine : Conossine.—On refluxing 1 в. of conimine with 
2:2 mol. each of 40 % formaldehyde and formic acid (26%) at 100° 
for2 hours and working up the resultant product as in ‘the case of 
conessimine, 0°07 р. of conessine was obtained (yield 68%). -It mel- 
ted at 125-20? and gave no depression of the melting point on admix- 
ture with pure conessine. 


Üonessimine. 


Benaoyl conessimine,—On. adding an ethereal solution of benzoyl 
chloride to an ethereal solution of the base benzoyl conessimine hydro- 
chloride was obtained in nearly theoretical yield as a white crystalline 
powder which began to soften at 233°, malted at 848? (decomp.) and 
was easily soluble in water. The base from the hydrochloride was 
treated with moist carbon dioxide in petroleum ether solution to 
remove any traces of the unreacted secondary base, dried over potas- 
sium carbonate and taken up after removal of the solvent in a little 
acetone, from which it crystallised in elongated prismatic plates, 
‘which shrink at 110°, soften at 115° and melt completely at 121°. 
(Found: С, 79'4; Н, 9:6. C94 H34;N4'CO'CgGH, requires C, 80°2; Н, 
'9:8 per cent), 

Acetyl conessimine, prepared with acetyl chloride in exactly the 
same manner a8 the benzoyl base, formed в pale yellow unerystalli- 
sable treacle. The hydrochloride of the base, as obtained directly 
-from conessimine and acejyl chloride or prepared from the treacly 
acetyl base, had exactly the same m.p. 278-80° and was easily soluble 
in alcohol and water. (Found: Cl, 9/4. СН; № CO'CH;, НО 
‘requires Cl, 8°6 per cent), 

The chloroplatinate of the acetylated base, obtained by adding an 
aqueous solution of platinic chloride to an aqueous solution of the 
hydrochloride, formed a buff coloured powder which shrinks with dar- 
‘kening at 230? and melts et 254-50? (decomp.). The platinum value 
-found for it indicates a double salt of the type (B, HCl) 14 PtCl,. 
[Found: Pt, 20:6, 20:8. (94H34; Ng'CO'CHg, HCl), 14 PtCl, requires 
Pt, 20'2 per cent]. 

Methyl conessimine : Qonessine.—0'85 G of the base was refluxed 
- at 100? for 8 hours with 1'2 mol. each of formaldehyde (40%) and 
formic acid (25%) till the carbon dioxide evolution was completely 
stopped. The base from the reaction mixture was treated with moist 
carbon dioxide in petroleum ether solution to remove traces of 'un- 
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reacted base and dried over potassium carbonate. On removing the 
solvent from the filtrate and crystallising the residue from acetone, 
0'8 g. of crystals, m.p. 128-24? and further 0'8 в. melting at 121- 
22° were obtained. The base melting at 128-24° melted at 125-26° 
on admixture with pure conessine of m.p. 126° and showed a rotation 
in 2'016 % solution in absolute aleohol, а = +925'8° as against 
+ 27°6° noted by the author for pure conessine. 


RzxsBAROH Тнатттотв, 


А. & U. Tissr COLLEGE, Received October 28, 1988. 
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Halogenation. Part VIII. Bromination and 
Icdination of Monochlorotoluenes. | 


Ву Рногрко SAHÀY-VARMA AND VISHWANATH BAHAY, 


The action of bromine on chlorotoluenes has been studied before 
(Leonard, .Ј. Chem. Boc., 1916, 109, 570; Jackson and Field, J. 
Amer. Chem. Koc., 1879, 1, 162). Cohen and Smitheils studied the 
action of bromine оп 0-, m-, and p-chlorotoluenes in presence of 
amalgamated aluminium and obtained several isomeric chlorobromo- 
toluenes (J. Ohem. Soc., 1914,108, 1911). Other chlorobrcmotoluenes 
have been obtained mostly by indirect methods. Direct iodination 
of chlorotoluenes does not seem to have been studied before; most 
of the chloroiodotoluenes have been obtained by indirect methods 
only. | 

We have brominated o-, т- and p-chlorotoluenes in presence of 
acetic acid, nitric acid or sulphuric acid, o-Chlorotoluene yields 
9.chloro-5-bromotoluene, while m-chlorotoluene yields 8-chloro-4- 
bromotoluene and 3-chloro-6-bromotoluene in the proportion of 
about 8:1. With p-chlorotoluene, however, p-chlorobenzal bromide 
is obtained. 

o-Chlorotoluene and m-chlorotoluene have been iodinated in 
presence of sodium nitrite and fuming sulphuric acid or a mixture of 
nitrosulphonic and fuming nitric acid and yielded 2-chloro-5-iodo- 
toluene and 3-chloro-6-iodotoluene respectively. p-Chlorotoluene is 
not iodinuted under thése conditions. 


EXPERIMENTAL. 


o- or m-Chlorotoluene (10 в.е.) and bromine (6°5 o.c.) were heated 
together on а ‘water-bath with a reflux condenser with 16 о.о. of 
acetic acid, 4 c.c. of strong nitric acid or 2 c.c. of fuming nitric or 
fuming sulphuric acid were added about à с.с. at в time atan 
interval of 10 minutes from the top of the condenser. After heating 
for 2-4 hours, the product of the reaction was washed with a dilute 
solution of sodium carbonate and the dried product distilled under 


204 P. 8. VARMA AND V. BAHAY 


reduced pressure, when o-chlorotoluene distilled at 88°/12 mm and 
2-chloro-5-bromotoluene at 90-98°/12 mm. Acetic acid and nitric 
acid yield about 4'8 to 5:5 с.с. of the chloro-bromo product, fuming 
sulphuric acid gives lower yield. With acetic acid the best yield is 
_ at the boiling point of chlorotoluenes. 

Working in the same way with the same quantities, m-chloro- 
toluene yields about 5 o.c. of 8-chloro-6-bromotoluene (b. p. 90*. 

982/19 mm.) and 1'5 c.c. of 8-chloro-8-bromotoluene (b. p. 120- 
25° J 15 mm). 

.o-Ohlorotoluene and iodine (5 g. each) were dissolved in acetic 
acid (20 с е.) and to this solution 2 c.c. of strong or fuming nitric acid 
or І c.c. of nitrosulphonie acid mixture was added (0 2 c.c. at a time) 
from the top of the condenser, and the mixture heated on a water- 
bath for 4 hours. In one experiment sodium nitrite (5 g.) апа fuming 
sulphuric acid (7 o.c.) were added to the acetic acid solution. The 
yield of 2-chloro-5-iodotoluene is between 8 to 4 e.c. m-Chlorotoluene 
treated in the same way yielded m-chloro-6-iodotoluene (4 c.o.). 
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Further Studies on the Chemical Behaviour of 
Vitamin B; . , ; 


Ву B. О. Quma Амр Р. N. СНАКВАУОВТУ. 


Researches on the chemistry of: vitamin B}, which have been 
reported earlier (Guha, Biochem. J., 1981, 28, 945 ; Guha and 
Chakravorty, Ind. J. Med. Res., 1938, 91, 211), have shown that 
vitamin By is chemically very different from vitamin Ву. Whereas 
vitamin Ву behaved like в fairly strong base in electrolysis experi- 
ments (Birch and Guha, Biochem. J., 1981, 28, 1891) vitamin B, 
had obviously no basic properties (Guha, loo. cit). It was observed 
thas vitamin Bg was precipitated or carried down by several metallic 
precipitants like lead acetate and silver nitrate. Some further inves- 
tigations on the chemical behaviour of vitamin Во are reported in the 
present communication. Although it was found earlier by most 
workers (Narayanan and Drummond, Biochem. J., 1981, 24, 19 ; 
Salmon, Guerrant and Hays, J. Biol. Chem., 1928, 80, 91) that the 
vitamin was efficiently adsorbed but not easily eluted, we have 
recently succeeded in eluting the vitamin by means of suitable 
solvents. It may be mentioned that in view of the recent work on 
the relative instability of the vitamin in certain preparations to heat 
and alkali (Guha and Chakravorty, loc. cit.), procedures involving any 
heat treatment with alkali have been avoided in this work. The 
biological technique followed has been the same as described before 
(Guha and Chakravorty, loc. cit.). During the progress of this work 
Kuhn, Gyorgy and Wagner-Jauregg (Ber., 1988, 66B, 1084) reported 
that vitamin B4 belonged to anew class of natural pigments for which 
the term ‘‘ flavin ’’ has been employed. Only subsequent research 
can determine the correctness of Kuhn's contention (cf. also Ellinger 
and Koschara, Ber., 1938, 66 B, 808). Our results in many cases 
agree with those of Kuhn. 


EXPERIMENTAL, 


The following results were obtained chiefly with ox and buffalo 
liver and kidney extracts, which had been found to be very potent 
sourees of vitamin Bg (Guha, loc. cit. ; Guha and Chakravorty, 
loc. cit.). 
~ The technique for the assay of the vitamin in different fractions 
| was essentially the same as described before (Guha and Chakravorty, 
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loc. cit.). We have used the unit, previously defined (Guha and 
Chakravoriy, loc. cit.), which is very similar to that proposed earlier 
by Bourquin and Sherman (J. Amer. Chem. Вос., 1981, 88, 8501). 

From earlier observations (Guha, loc. cit.) it was known that 
vitamin Bg could be adsorbed by charcoal although elution could not 
be effected. It was thought that the adsorption might be optimum 
at а specific hydrogen ion concentration and accordingly the following 
observations were made. 


Effect of рн on Adsorption of Vitamin B4 on Charcoal, 


TABLE Г. 
Samples No. Adsorption at Мо. of rat. Equiv. daily ^ Average weekly 
. : diff, рд. ! doses. growth. 
Glacial HAc ext, | 
of charcoal 
O.L. (108) adsorbate 1'2 885 16 g. 10 g. 
O.L. (160) 8'0 866 - 13 
O.L, (162)) 5'0 864 19 8 
O.L. (164) 70 866 8 4 
O.L. (168) 9o — $78 8 d 
O.L. (170) 11:0 458 8 8 
O.L. (157) Filtratefrom 1'2 414 4'b 9 
adsorption 
O.L. (159) 8'0 897 6 56 
О.Т». (181) 5'0 
O.L. (168) 7:0 378 bà о =i 
O.L. (167) 90 878 b —8 
'O.L- (169) 11'0 — 894 5 1 
‘O.L, (188) Crude liver extract 896 1-76 17:8 
used in this set of 
experiments 


Six lote of cruda liver extract of 220 с.о. each (= 200 g. of fresh 
liver), obtained by boiling ox-liver (5760 g.) with distilled water (6500 
6;0 ) for 6 minutes, were respectively adjusted to рн 1:2, 8:0, 6:0, 7:0, 
9`0 and 11'O. Hach lot was then agitated with purified * Merck's 


.* 100 G. of charcoal were digested for 80 hours over a flame with 1 litre of 50% 
hydrochloric acid. The acid was decanted off and the charooal was washed chloride- 
free with distille ш, water. This purified charcoal was used throughout the experiments. 
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medicinal charcoal (8 в.) for 4 hour, filtered under suction and the 
filtrate was again agitated with charcoal (4 g.) for 16 minutes. Тһе 
mixture was filtered on the same filter paper. The filtrate was stored 
in the refrigerator. 

Each lot of the charcoal residue was ground up with glacial acetic 
acid (15-20 c. с.) and then digested for $ hour on a boiling water- 
bath with а further amount of the acid. The total volume of acid used 
was 100 c. с. in each ease. The mixture was then filtered hot under 
suction, the clear filtrate evaporated to dryness under reduced pres- 
sure and the residue taken up in warm water. 

The extent of adsorption at the different hydrogen ion concentra- 
tions and the amounts of vitamin eluted are given in Table I. 
(of. also Fig. 1). 

It appears from the results in Table I that the diues. of 
vitamin Bg is not complete at any definite рн. 


Ета. 1. (cf. Table I.) 


Body wt. т g. 





—> Werks. 
Ourve (1) Rat No. 885 (female) Fraction No. О. L. (158) 
(2) 396 (male) " " (158) 
@) 866 ( » ) ›› Т (16 1) 
(4) 364 ( n) ys И (169) 
(5) 878 (female) 9 " (1690. 
(6) 885  ,, эз 7 (160) 


(7) АА ,, тр n (157) 
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The Efficiency of Different Hatractants т E Vitamin Bg from 
| Charcoal Adsorbate. 


880 C. в. О. L. (158), a crude liver-extract (2:800 д. of fresh liver) 
were brought to рн 7°0. 48 G. of purified Merck’s medicinal charcoal 
-were agitated with the extract for $ hour. This was filtered under 
‘guotion and the filtrate was kept in the refrigerator © [O. L. (171)]. 

' The finely ground charcoal residue was divided into four equal 
-parts and treated as follows: 


(a) Elution with methyl alcohol.—One portion (200 g. of fresh 
liver) of the residue was heated under reflux for 1 hour on a water- 
bath with methyl alcohol (250 с. e.) (Merck’s '* methanol purum ’’). 
The mixture was filtered hot under suction and the charcoal washed 
with a little methyl alcohol. The filtrate was almost colourless. The 
clear filtrate was evaporated to dryness in vacuo and the brown-red 

residue dissolved in warm water [0.L.(172)]. 

(b) Elution with methyl alcohol and hydrochloric acid.—Another 
portion (2:200 р. fresh liver) of the residue was similarly heated with 
methyl alcohol (250 с. c.) and concentrated HCI (5 о. в.), filtered hot 
under suction and the charcoal washed with a little methyl alcohol. 
The pale-brown filtrate was evaporated to dryness in vacuo. The 
dark brown pasty, mass was dissolved in warm water [O L.(178)]. 

(c) Elution with 1% hydrochloric acid.—Cne portion (200 g. 
fresh liver) of the adsorbate was digested on a boiling water-bath 
for 45 minutes with 1%HCl (100 c.c.). The mixture was filtered 
hot under suction and the colourless filtrate was evapdrated to dry- 
ness under reduced pressure. The dark-brown residue was taken 
up in warm water [O. L. (174)]. 

(d) Elution with glacial acetic acid.—One portion {=й g. fresh 
liver) of the residue was digested for 1 hour on a boiling water-bath 
with glacial acetic acid (100 с.с.). The mixture was filtered under 
suction and‘the pale brown filtrate evaporated to dryness in vacuo, 
The dark-brown residue was taken up in warm water [O. 1..(175)]. 

In another set of experiment 750 o.c. of О. L. (168), a crude 
aqueous extract cf liver (681 в. of fresh liver) were brought to pH 
7'0, agitated with Merck’s purified medicinal charcoal (24 g.) for 
4 hour and. filtered under suction. The charcoal residue was 
divided into thrve portions and was treated as follows. 

(e) Elution with pyridine—A part of the ‘charcoal residue 
(2227 8: fresh liver) was digested at room temperature (20?) with 
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100 c.o. of pyridine, stirring continually for § hour. 


ing under suction, pyridine was distilled off in vacuo and the residue 


obtained was dissolved in warm water [O. L. (178)]. 


(f) Elution with glacial acetic acid.—A part of the charcoal resi- 
due (227 р. fresh liver) was digested on в boiling water-bath with 
glacial. acetic acid (100 о.в.) fori hour. After removing charcoal! 
by hot filtration, the clear yellow filtrate was evaporated in vacuo to 
dryness and the residue ‘obtained was taken up in warm water 


[O.L. (179)]. 


Fic. 2 (of. Table ID. 





(126) 


— Weeks. 
Curve n Rat. No. ae pe еа No. О. І. (153) 

(9) 9) x) ?т 
(8) 490 ( ) ce E 
(4) . 698 (f emele} ч $i 
(5) 890 ( ?? ) 124 tr 
(6) 418 ( 1* ) +? $ 
(T) 419 ( ar ) +F ty 
(8) 880( , ). - » 
(9) 899( , ) " з 
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(g) Elution with 25% pyridine.—A porbion of the.charcoal was 
heated under reflux on в water-bath for 1$ hour with pyridine 
(260 o.c., 25%). After filtering hot under suction, the filtrate was 
evaporated to dryness in vacuo. The residue obtained was taken 
up in water [O. L. (126)]. | 


(h) ‘Elution with conc. HCl.—The experiment was TENE odi 
on в fresh lot of liver extract, 220 С.с. of О. L. (158 (= 200 g. OX- 
liver) were brought to рн 7-0 and agitated with purified charcoal 
(8 g.) for $ hour and filtered, under suction. The charcoal residue 
was ground up with concentrated HCl (10 c.c.) and then with 80c.c. 
of water. This was boiled over a flame for 1-2 minutes and filtered 
hot under suction. The colourless dark filtrate was evaporated to 


dryness under reduced pressure. The residue was taken up in water 
[O. L. (189)]. 


Table II summarises the results obtained (cf. Fig. 2). Methyl 
alcohol with hydrochloric acid appears to be the most efficient agent 
for the elution of the vitamin, while methyl alcohol by itself could 
not extract vitamin Ва. Other extractants have varying capacities to 
elute the vitamin. 


a 
ТАВЫ II. 
Samples No. ЕЗеелоу of different No. of  Hquivalent Average 
elutants. Descriptions. rat. daily dose. week] 
: grow 
O. L. (171) Filtrate after charcoal ad- 
sorption for elution expts. 899 Ба. 2'5 g. 
О. L. (172) Elution with MeOH 880 16 —8 
О. Ti. (178) 5) »  MeOH + НО! 890 8 11°5 
O. L. (174) si » 1% НО 398 8 8 
O. L. (175) 2: » glacial acetio 
: acid 459 10 6 
О. L. (178) » »  &bsolute pyridine | 
(digesbion) 418 9 6 
” ty „ › " ›? 490 18'6 16 
O. L. (179) ». Blacial acétic acid 419 9 7 
О. L. (180) » 1% 4 i: 417 9°8 —2 
O. L. (128) ` 7 „ 95% pyridine re- 
fluxing 812 8 4 
О. L. (158) ‘Orude liver extract used in 
this set of experiments 896 1°76 178 


О. І. (189) Elution with cono. НО] 801 13 2 


t 
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Further Adsorption Experiments, 


Vitamin Bg has been reported to be adsorbed by various sub- 
stances such ‘as charcoal (Guha, loo. cit.), fuller’s earth (Naray- 
yanan and Drummond, loc.’ cit.) eto. In order to investigate the 
optimum conditions for adsorption and elution the following experi- 
ments were carried out. . 

(a) Adsorption with fuller’s ' earth.—140 О.с. of B. Г. (7), в 
erude aqueous extract of buffalo-liver (=140 р. of fresh liver) were 
found to be at рн 5'0. The extract was stirred with 5 б. of Merck's 
fuller’s earth for 15 minutes and filtered. The filtrate was tested 
for activity [B.L. (10)]. 

The fuller’s earth residue was triturated with concentrated hydro- 
chloric acid (10 о.о.) whereupon some evolution of CO, took place. 
This was then diluted to 75 с.с and boiled over an open flame for 
2 minutes. The extracted residue was separated by filtration and 
the yellow filtrate was evaporated to dryness in vacuo. The residue, 
thus obtained, was taken up in warm water, neutralised and the 
precipitate obtained at that stage removed and the О -red filtrate 
tested for activity [В. L. (18)]. 

In another experiment 100 c.c. of O.L. (68), & crude aqueous ox- 
liver extract (z1110 g. fresh liver) were adjusted to рн 4'5 and stirred 
with Merck's Fuller's earth (5 g.) for 20 minutes and filtered under 
suction. The filtrate was tested [O. L. 77)]. 

The residue was dried in the steam oven at 50° and powdered. 
The powder was stored at —1? for 15 days and then tested for 
activity. The earth was suspended in water and tested [O. L. (81)]. 

(b) Adsorption with charcoal and elution with HCl.—140 С.о. of 
В.І. (7), a crude aqueous extract of buffalo-liver, (2100 g. fresh 
liver) were agitated with purified Merck’s medicinal charcoal (5 g) 
for 15 minutes. After separating the charcoal residue, the filtrate 
[B L. (11)] was tested for any vitamin left after adsorption. 

The charcoal residue was boiled over в flame with water (50 с.о.) 
and concentrated hydrochloric acid (6 о.о.) for 8-4 minutes. The ex- 
tracted residue was separated and the filtrate evaporated to dryness 
in vacuo. The residue obtained was taken up in water [B.L (14) |. 

The extracted charcoal residue [ B.L. (15)] was also tested for 
residual vitamin activity. 

(c) Adsorption with silica gel,—200 О.в. of О.К. (11), & crude 
aqueous extract of ox-kidney, (#580 g. of fresh kidney) were treated 
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with 10 g. of silica] gel for 10-12 minutes and the silica residue 
separated by filiration under suction. The pale yellowish filtrate 
was numbered O.K. 18). 

_ The silica residue! was boiled with scenes Вуй аги acid 
(200 o.c.) (large excess) and water (60 о.с.). over an open flame for 
6 minutes and Alterted under suction. The clear pale yellow 
filtrate was evaporated to dryness in vacuo. The dark brown residue 
was taken up in warm water. О.К. (14), 


Fie. 8 (cf. Тавин ITI). 





—» Weeks. 
Curve (1) Rat. No. 114 (female) Fraction No. B.L. (11) 
(3 ,, . 140( male) T О.К. (14) 
( T 274 » ) n” O.L. (81) 
( » 806( ,, ) m Ол. (77) 
( » СС aur B.L. (11) 
(B ;, 89 (female) „`_ EL. (I6 
( » 90 ( male) . » © В.Г. (15 2 
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Bilica-gel appears to adsorb vitamin Bg efficiently, and elu- 
tion could be effected by boiling with strong hydrochloric acid. 

(d) Adsorption with barium sulphate.—85 С.о. of O.L. (88), an 
active extract which was prepared by в method similar to that 
employed for O.L. (47), (=785 р. fresh liver), were brought to рн 
9'0, by adding saturated baryta (25 о.о.) whereupon а small amount 
of precipitate was formed. A few drops of concentrated H,80, 
wore added without removing the precipitate and the рн was found 
to have come down to 6:0, The precipitate was allowed to settle 
overnight in the cold store. The barium precipitate was removed 
by centrifugation. The centrifugate was numbered O.L. (44). | 

The precipitate was boiled up for a minute with concentrated 
hydrochloric acid (8 с.о.) and 4 drops of concentrated Н;50. 
diluted with water (15 c.c.). The residue was removed and the 
filtrate partly neutralised by 20% NaOH. А dark brown precipitate, 
which came down at this stage, was removed by centrifugation. The 
dark brown centrifugate was called O. L. (46). 

The- vitamin could not be found either in the filtrate or in the 


fesidue. 


Tasun III. 
No. of Description No. of Equivalent ^ Average 
Samples. Rat. daily dose. weekly 
"growth. 
B. Г, (10) Filtrate from Е. E. adsorp- 
tion at фи 5:0 109 4*9 g. 1'B g. 
В. L. (18) HCl-ext. of Е. М, adsorbate 84 4 —5 
O. L, (77) Filtrate from Е. E. adsorption a 
at po 4'b 806 58 48 
O.L.(81  - Е. Е. adsorbate, dried and ; SON 
stored in the cold ves (us 274, 8'8 Inactive 
В. Г, (11) Filtrate from charooal adsorp - 
tion at pu 7'0. 4 5- 
В, І, (14) HOl-ext, of lea adsor- 
bate T 86 4 7 
3? 35 3 33 33 89 4 11 : 
И] af + эз ,1 114 8 5 
B. L. (18) HOI extracted charcoal residue 90 | 4 —9 
О. К, (1% Filtrate from Bi-gel adsorption 182 8*3 Inactive 
O. K. (14) ^ HÜl-extracb of Si-gel adsorbate 140 4 65, 
О. ТА (44) Filtrate from BaBO, -pptn. 181 TÀ Inactive 
). Ta 180 18 Inactive 


XHOl-extraot of BaBO, 
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Fractionation Studies. 


With a a view to fractionating vitamin Ba its Барааг to certain 
precipitants, both metallic and organic, was studied. А 

(a) Precipitation with cupric acetate.-—280 C.o. of B.L. (7) в 
crude buffalo liver extract (54200 р. of fresh liver), were treated 
with about 100 с.о. of saturated cupric acetate solution. A preoipi- 
tate began to come down and precipitation was complete after boil- 
ing for about } min. The greenish precipitate was removed. by 
filtration under suction. | | 

The filtrate was completely freed from copper by passing H48 
and from the latter by heating the filtrate on a water-bath in vacuo 
[B.L. (8)]. : 

The filtrate was active while no ene could be traced in the 
precipitate fraction. 

(b) Fractionation with mercuric chloride,—10 O.c. of О. L. (47), 
an active extract of liyer obtained after the silver-stage (2470 g. 
of fresh ox liver), were treated with O'5N-HgOlg solution (272 о.о.) 
whereupon а small amount of precipitate came down. After allow- 
ing the precipitate to settle in cold store, the precipitate (A) was 
removed by centrifugation. The clear filtrate was freed from 
mercury as sulphide (B) by passing НоВ and the latter was removed 
by evaporating the liquid to dryness in a vacuum desiccator over 
CaCl, and soda lime. The small residue thus obtained was taken up 
in warm water [O. L. (52)]. 

The microcrystalline precipitate (A), which was chocolate colour- : 
ed, was decomposed by H.48 and the sulphide removed. The filtrate 
was evaporated to dryness in a vacuum desiccator over OaCle and 
soda lime and the residue obtained was taken up in water [O.L. (54)]. 

The sulphide precipitate (B) was boiled for 2 minutes over a 
flame with HCl about 8 c.c. of 25%. After filtering hot under 
suction the clear filtrate was evaporated to dryness on & water-bath. 
The residue was extracted with warm water and the mixture was 
filtered hot. Тһе clear yellowish filtrate was called O.L. (58). M 

In another set of experiments 16 c.c. of O.L. (59) were treated 
with about HgClg solution (6 c. о. of 5'8 %). А slight opa- 
-lescence took -place. Without removing the precipitate. Н.В 
was passed till mercury was completely precipitated.. The precipi- 
tate (A) was separated by filtration :апі the lemon-yellow filtrate 
.was.evaporated to dryness іп а vacuum desiccator-over OaClg. and 
soda lime. The residue was then taken up in water, [О.Г (62)] 
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The Hg8 precipitate (A) was extracted with boiling 25% НО 
(25 с.о.) and filtered hot. The extract was evaporated to dryness on 
the water-bath and the residue was taken up in warm’ water [O.L. 
(68) ]. 

' The action of HgClg appears to be similar to that of barium 
Inasmuch as no activity could be found either in the HgOls precipi- 
tate or in the filtrate left. . 

(c) Experimenta with bromine.—120 О.с. O.L. (18) (2:100 g. fresh 
ox liver) were shaken with 25 с.о. bromine. А flocculent precipitate 
came down and was removed by filtering under suction. The filtrate 
was red owing to excess of bromine being present. It was evapora- 
ted to dryness in vacuo, and the residue thus obtained was taken up 
in warm water [O.L. (20)]. 

Ib appears that vitamin Bg is stable to bromine. 

‘ (d) Haperiments with silver nitrate after bromination.—From a 
few preliminary experiments meant to ascertain whether vitamin Ва 
came down with the silver precipitate fraction after bromination or 
ib remained dissolved in the filtrate, it was found that vitamin 
В. associated itself with the AgBr precipitate in course of pecipita- 
lion. This observation isin agreement with the earlier work of 
Guha (loc. oit.). 

A suitable means of elution of the vitamin from this preci- 
pitate having been found the following experiment was carried out. . 

Hight litres of crude liver extract (7,500 g. of fresh liver) were 
brominated by adding about 18 o.c. of bromine with vigorous 
shaking. After allowing the precipitate to settle, the clear reddish 
supernatant liquid was syphoned off. 

. The liquid was treated with about 250 e.c. of 50% AgNO, 
solution and was left overnight for allowing the precipitate to . 
settle. 

The silver precipitate (180 g.) obtained by syphoning off the clear 
supérnatant liquid and by subsequent filtration, was ground up with 
congentrated hydrochloric . acid (65 с.с.) and then diluted with about 
500 с.о. of water. The mixture was boiled over an open flame for 6 
minutes and filtered hot under suction. 

“The clear red filtrate was freed from the acid by evaporation to 
dryness in vacuo. The residue was dissolved in warm water and the _ 
opalescent liquid was left overnight in the refrigerator. A dark brown. 
precipitate came down and was removed by filtration under suction. 


[0,L. 47]. T 
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Solvent Fractionation Methods. . 


i Attempts were made to concentrate vitamin В, by means of 
fractionation with solvents, as described i in the following experiments. 

(a) Fractional precipitation with EtOH.—70 О.о. of O. L. (41), & 
concentrate of vitamin B g from ох-Нуег (238281 g. of fresh liver), 
were evaporated to в small volume (10-12 в. с.) оп а water-bath, On 
adding about 50 о.о. of absolute alcohol an immediate precipitation 
took place. After cooling down to 0°, the precipitate (A) was 
removed by centrifugation. The centrifugate, which was opalescent, 
was further treated by an equal volume (70—75 о.о.) of absolute 
alcohol, whereby further precipitation took place. The residue (B) 
was removed by centrifuging. Tho clear centrifugate, after adding 
some more alcohol, was left in the refrigerator and after 6 days 
precipitate (О) appeared and was separated by centrifugation. The 
clear centrifugate was freed from alcohol by evaporating fo dryness 
in vacuo and the blaok-brown residue obtained was taken up in 
warm water. This did not dissolve entirely. [O.L. (60). | 

The precipitates (A) and (B) were mixed together and dried іп a 
vacuum desiccator over CaCl, and soda lime. ‘The dried residue, 
which was reddish brown, did not dissolve in water. This was fed 
in aqueous suspension [O.L. (48)]. 

The precipitate.(C) was also.dried in & vacuum desiccator over 
CaCl, and soda lime. The dried residue was & light yellowish brown 
powder which dissolved in water giving & dark brown solution with 
green flourescence [O.L. (49)]. 

(b) Precipitation with MeOH.—25. О.с. of B. d (65) (£116 g. of 
fresh buffalo liver), were treated with methyl alcohol (50 o.c.) and 
left in the refrigerator. The precipitate formed was separated by 
filtration and dried. and was found to be very hygroscopic. The 
dried residue could not be entirely dissolved in boiling water [B.L. 
(56)]. 

The filtrate was concentrated c on а water-bath to remove methyl 
alcohol and waa tésted for vitamin Bg activity. [B, L. (80).] 

The methyl alcohol filtrate had no activity while the residue was 
active. 
(c) Precipitation with propyl alcóhol —20 С. с. of B.L. (5б) 
(2110 g. fresh buffalo liver). were treated with .n-própyl alcohol 
(4 с.с.} and a gummy precipitate obtained. The clear supernatant 
liquid was removed by decantation and the washed residue was driéd 


CHEMICAL BEHAVIOUR OF VITAMIN В» 307 


in vacuum desicoator over CaCl, and sodalime. The dried residue 
was taken up in hot water [B.L. (58)]. 

The washings and the supernatant liquid from the above fraction 
were combined and were freed from alcohol by evaporating toa 
small volume on a water-bath. The fraction was tested for activity. 
[B.L. (61)]. | mE 


Ета. 4 (of. Taste IV) 





weeks,  - 


Curve (1) Rat. No. 188 (female) Fraction No. O.L. (47) E 
48) ,, 175 (.;; ” » (47) 
(8 , 182 ( male ) т » (50) 
(4) , 74 (female) 5i B.L. ( 8) 
6) v 274 ( male) 5, O.L. (58) 
6) „» WIL 5 ) "n В.Д. (61) 
(7) „ 194 (female)  ,, В.Г, (55) 
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1% is curious to note. that no activity could be found. either 
in" the propyl alcohol filtrate or in. the” residue. | No’ growth 
was observed even when both ‘the residue and, filtrate: were fed 
together. 
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‘Testing Known аана for Vitamin Bs оно: 


» ò ow 


Following substances- were tested for vitamin Bg activity with 
negative results. The daily dose is given in brackets. 

Arabinose (1 mg.), xylose (1 mg.), galactose (1 mg.), arabinose + 
xylose (1 mg. each), arabinose+glactose (1 mg. each), irradiated 
adenine (5 mg.), irradiated guanine (5 mg.), cytosine (5g.). 


TABLE IV. 
Samples No. Description. No of "кайт. Average 
Rab. daily doze wee. 
4 | gro 
В. Г. (8) ` Filtrate from OuAcs -pptn 94 10 g. 8 г. 
О. L. (52) ,  Filtrate from HgOl, -pptn of SEE я 
О. Т.. (47) i 269 1 3 ~ 4 1 
.O. L. (54) Extract of HgOlg .ppt. m 970 1» | 0 
О. L. (58) Extract of Hg8 obtained Can 
from О. L. (69) ... i 274 141 ° 0 
О. L. (69) Filtrate from HgCls- | 
treated fraction а з 268 18-8 Inactive 
О. L. (08) HgS8 extract € 278 19.8 Inactive 
О. I. 20) Brg treated liver extract 180 8 2*7 
О. L, (47 Ag extract xix romane troat- d 
ment " 175 14 9'8 
3 ” 9% » 33 180 10 4°7 
П) 1 n НИ ,» 188 10 12°5 
О. L. (50) Centrifugeate after EtOH. -pptn. 182 -83'8 8'7 
O. L. (48) The first fraction решш by ' 
aleobol 5 i 186 . 828 8 
О. І. (49) The second " - 185 82'8 68 
»* эз 1 Т 178 164 27 
B. L. (50) Residue from MeOH-treated un 
B.L. (55) 270 8'8 Q3 
В. Г. (60) Filtrate from MeOH-treated ` ' 
В. L. (55) .. 268 9°8 Inactive 
B. L. (58) Reaidue from propyl alcohol р 
fractionation 269 9°8 —8 
B. L. (01) Filtrate from propyl aleohol 
fractionation E MN 260 14'5 Insotive 
В. L. (61) VEN | E 2s Я | 
B. L. (58) Propyl aloohol residue and : 
filtrate ‘ab e c — 35e 289 ‚'- 7°26 of 
ze "T ы 3 ` t filtrate and 
t 5 a = : 4% of Innotive 
: E residue 


В. L, (55) Desiented buffalo liver extract ` ^ 194 | ^. 89 1 
E ОЕ | c = 


Е 3 
ao +. - -- 
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- The^results deseribed in this -pàper ме that most РАТЕ 

Баи cause а very-oonsiderable loss of vitamin Bg probably 
‘owing бо adsorption on the surface of the various precipitates formed. 
Results obtained are better with methyl alcohol,-although in solvent 
-fractionation methods also a-satisfactory recovery of activity is not 
-usually possible. The adsorption experiments, if further pursued, 
care likely to give greater scope for successful concentration. Ad- 
sorption on charcoal and elution with methyl alcohol and hydrochlo- 
‘rie acid constitute one of the most effective methods for concentra- 

T so far discovered. bp AE ша. 

-' -The procedure, which Ваз given СРТ й reauléa,! 1. gone 
sists of bromination (which causes -no loss); adsorption- -with . silver 
bromide and elution with hydrochloric acid, followed by ceo 
methods. 

Itis not possible yet to postulate the nature of the alanin Bo 
molecule, Our experience indicates, that it is not ab all so stable as 
it was originally supposed to be. The precipitation of the vitamin by 
silver nitrate and lead acetate (Guha, loc. cit.) might indicate either 
that the vitamin is acidic or that it is neutral and is adsorbed by the 
metallic precipitates formed. It has been pointed out before (Guha, 
loo, cit.) that it cannot be of the nature of a base, 

The remarkable stability of the vitamin to bromine appears to in- 
dicate that the activity is not associated with any unsaturated linkage 


in the molecule. 
— 


SUMMARY. 


1. The adsorption of vitamin Во on charcoal at Pu 1:2, 8*0, 5:0. 
7'0, 9*0. and 11:0 was studied. No high degree of specificity was 
observed at any of the above hydrogen ion concentrations under the 
stated conditions. 

2. Methyl alcohol with HOL, absolute methyl alcohol, 1% НОЇ, 
glacial acetic acid, absolute pyridine, 2596 pyridine and strong 
hydrochloric acid were tried to elute vitamin Bg from the charcoal 
adsorbate. Methyl alcohol with hydrochloric acid and pyridine were 
found to be the most efficient of all the extractants used. Methyl 
alcohol by itself could not elute the vitamin. 
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8. Vitamin В, could be apparently adsorbed by fuller’s earth, 
charcoal, silica gel and freshly precipitated barium sulphate. While 
the vitamin could be eluted from the charcoal and silica gel adsor- 
‘Hates, -tho methods employed. were. not found so suitable for the 
elution of the vitamin from fuller's earth-or barium. . | 
MET" ` Bromine could neither precipitate nor destroy the: vitamin to 
any’ appreciable extent. Silver either forms an insoluble compound 
with vitamin Bg ‘or silver bromide can adsorb it. The vitamin could 
Bob ре: concentrated by means of HgClg'or propyl aleohol. Ethyl 
-dléoho}-can fractionally precipitate the vitamin, Methyl alcohol forma 
-a precipitate which contains most of the activity. 

л ‘б: ~Bugars like arabinose,‘ xylose and galactose, айкашы рей 
Шашу or in combination with one another, could not replace vitamin 
-Ba in.the diet." Irradiated adenine, guanine, cytosine and nucleic 
‘acid have no. vitamin Bg activity. | "n 


CFT 


LI 
=i + » 1 > - t э» = = 


* 
с + 


BIOCHEMICAL Т:АВОВАТОНҮ, 


Wonks, GAL ÜHEMIOAL' AND PHARMAOBUTIOAD, ; , Heceived November 11,1993, 
= ‘ ш А t 
ae Oatourra. : 
4 " 
ГА è 
ут! i Me Val Dess t 
г - >» z 
: Y Г 
t v - » 
| + Ў 4 } 
+ *SN ` - 
et > + - ) 5 
^ t m 
t e i 
Ша, + "E x r ! 
- * 
GL" gn : 1 A 
ғ T 
- - 4 - + 
м E t v, 
р A t 
^ ^n t," А eut 2 go a Ра Y 
$ о к TUAE is uu ЖОЕ; / | че 
co^ хз -* i а 7 bi е + 5 П ui 
D 5 (d P" "- * 4 - E x < г x » 
+ т ГИ: = * \ ч 
OLI > M ge Pu Ke у, , LT 


M 
> 
ru. 

1 
Te 
І 
|” 
> 
1 

М 
1 

\ 

s 
і 

t 

i 

1 
4 

t 

i 

t 
ғ 
Mt 


Chemical Reactivity and Light Absorption. Part II. 
Вх М. В. Онлв AND А. К. DHATTAOHARYA, | 


From considerations based on several chemical reactions, it was 
concluded in Part I of this series (J. Indian Chem. Soc., 1984, 14, 
88) that an increase in chemical reactivity of a molecule is asso- 
ciated with increased light absorption. The weakening of the binding 
forces of molecules, due to the presence of molecules of another 
substance, leads to an increase in the light absorption. 

We have carried on further work on this subject and the results 
and conclusions are recorded in this paper. We have measured the 
light absorption of different reacting substances separately and in 
mixtures by photographing their absorption spectra with Hilger 
quartz spectrographs using а copper arc as the light source. The 
exposure for taking the photograph varied from 7—80 seconds.’ The 
amount of chemical change during the period of exposure was negli- 
gible and hence the products formed as the result of the chemical 
change from the reacting mixtures did not play any important part 
in affecting the light absorption. Moreover, in many cases, the light 
absorption by the resultants is less than those of the reacting subs- 
tances. 


- Reactions involving Chlorine, 


(a) Chlorine and hydrogen.—Some years ago Weigert and Keller’ 
mann (Z. physikal. Chem., 1923,107,1) obtained some interesting rasults 
on the light absorption by a mixture of chlorine and hydrogen. They 
took a cinematograph exposure of a small cell filled with chlorine 
and hydrogen and illuminated by a spark discharge giving out intense 

-light. Ав long as there was no chemical reaction between chlorine 
and hydrogen on illumination, a photograph of the cell, which appear- 
ed to be empty, was obtained on the film but when the reaction 
started and in the course of about 1/50 second, a cloud developed in 
the reaction. mixture and the increased light absorption due to the 
occurrence. of the cloud or the fog in the mixture of hydrogen and 
chlorine was recorded on the cinematograph film, This observation 
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of Weigert and Kellermann, which has been adduced by Bodenstein 
(Trans. Faraday Soc., 1925, 21, 582) and others as evidence of chain 
reactions, appears to us to be a case of the weakening of the binding 
forces of the chlorine molecules due to the presence of hydrogen and 
the consequent increase in light absorption by the system and sup- 
ports our view that an increase in the chemical ы із associated 
with increased light absorption. 

(b) Огайо acid and chlorine.—This ‘photochemical reaction has 
been investigated by Bhattacharya and Dhar (J. Ohim. phys, 1929, 
96, 556). In absence of hydrochloric acid, the reaction is extremely 
rapid and hence the reaction has been studied in presence of hydro- 
chlorie acid, which was added to the chlorine water. Fig. 1 shows 
that the light absorption by a mixture of chlorine water and oxalic 
acid solution is greater than the absorptions by chlorine water and 
oxalic acid considered separately. 

Moreover, we have shown that this reaction is appreciably accele- 
rated by radiations of wave-lengths 5650, 7804 and 8500A, although 
the limits of sensitised decomposition and photochemical dissociation 


for chlorine molecules are 5000 and 4780A respectively. Hence in 
presence of oxalic acid, the decomposition of chlorine molecules 
is markedly sensitised and these molecules become reactive in radia- 
tions of wave lengths longer than the sensitised and the photochemi- 
eal dissociation limits. Along with this increased reactivity of 
chlorine molecules, a marked increase of light absorption is also 
observed. 


Reactions involving, Bromine. 


(a) Potassium oxalate and bromine,—Bhattacharya and Dhar 
(J. Indian Chem. Soc., 1929, 6, 523) have shown that this reaction 
is appreciably accelerated by radiations of wave-lengths 7804 and 


85004, although the limits of sensitised decomposition and photochemi- 


cal dissociation for moleoules of bromine are 6800 and 51004. Fig. 2 
shows that the light absorption by a mixture of a solution of potas- 
sium oxalate and bromine water containing hydrochloric acid is great- 
‚ег than those of the two ingredients taken separately.. Here again 
we find that the presence of'an oxalate sensitises the decomposition 
of bromine molecules and makes them reactive in radiations of longer 
wave-lengths and the light absorption is markedly increased due to 
the weakening of the Br—Br linking. - 
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(b) Tartaric acid and bromine,—Ghosh and collaborators (J. 
Indian Chem. Soo., 1925, 9, 165; 1928, 5, 842, 861) studied this re- 


action carefully in radiations of wave-lengths 4500- 4900А and Bhatta- 
charya and Dhar (ibid., 1920, 6, 451) investigated the reaction 
between Rochelle salt and bromine in radiations of-wave-length 
7804A, which markedly accelerate the reaction. The limits ‘of sen- 
sitised decomposition” and photochemical dissociation of bromine 
molecules are .6300 вра 5100А. Hence in presence of Rochelle salt, 
the dissociation of bromine molecules is markedly sensitised and 
and these molecules become reactive in radiations of wave-lengths 
longer than the sensitised and photochemical dissociation limits of 
bromine. Along with this increased reactivity of bromine- molecules, 
a marked increase of light absorption i is observed as will be evident 
from Fig. 8. 


Reactions involving, Iodine. 


(a) Potassium oxalate and iodine.—It has been stated in Part I 
(Loc. cit.) that іп presence of an oxalate, the dissociation ‘of iodine 
molecules ів ‘sensitised. Fig. 2 shows that the light absorption by 
a mixture of iodine and potassium oxalate solutions is much 
greater than those of iodine and oxalate considered separately. 

(b) Sodium formate and iodine. —Thia reaction is also accelerated 


by radiations of wave-lengths 7804 and 86004, (he limits of sensi- 
tised decomposition -and photochemical ‘dissociation ‘for ‘iodine mole- 


cules being 8050 and 4995 A respectively. Fig. 4 shows that the 
light absorption ‘by'a mixture of sodium formate and ‘iodine is much 
greater than those of the reaction mixture considered separately. 

(0) Acetone and iodine (in presence of НО! as a catalyst).—This 
reaction thas been istudied by Bhattacharya and Dhar (cf. Dhar, 
‘‘Chemical Action of Light,’’ 1981, p. 161) in radiations of different 


‘wave-lengths including ` 7804. Tt appears, theréfore, thet in presence 
of acetone, the photo-dissociation ‘of iodine molecules is sensitised. 
Tt ів clear from Fig.‘5 that-a mixture ‘of aqueous acetone and iodine 
shows greater absorption than the two substances taken separately. 
(d) Ferrous sulphate ‘andiodine. — Bhattacharya and Dhar (cf; Dhar, 
*' Chemioal Action of Light,”’ 1981, p. 102) investigated this reaction 


jn'radiations'of wave-lengths 7804 ‘and '8500А ard hence the photo- 
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dissociation of iodine molecules is sensitised by the presence of the 
reducing agent, ferrous sulphate. It will appear from Fig. 6 that 
the light absorption by a mixture of ferrous sulphate and iodine is 
appreciably greater than those of the two ingredients estimated 
separately. 

(e) Sodium nitrite and iodine.—Bhattacharya and Dhar (cf. 
“Chemical Action of Light," р. 163) abserved that this reaction is 
appreciably accelerated by radiations of wave-lengths 7804 and 


8500А. It appears that the presence of sodium nitrite sensitises 
the dissociation of iodine molecules. The light absorption by а 
mixture of sodium nitrite and iodine is much greater than the absorp- 
tions due to sodium nitrite and iodine taken individually (cf. Fig. 7). 
(f) Sodium tartrate and iodine.— This reaction has been found to 


be accelerated by radiations of wave-lengths 7304 and 85004 and 
hence it is believed that the presence of sodium tartrate sensitises the 
dissociation of iodine molecules, Fig. 8 shows that the light absorp- 
tion by a mixture of sodium tartrate and iodine is much higher 
than that by sodium tartrate and iodine considered separately. 

(д) Sodium lactate and iodine.—Radiations of wave-lengths 7804 


and 8500A accelerate the reaction between sodium lactate and 
iodine and thus in this case also, the dissociation of iodine molecules 
is made more easy due to the presence of the reducing agent, 
sodium lactate. The light absorption by a mixture of sodium lactate 
and iodine is greater than those by the two substances when observed 
separately (cf. Fig. 9). 

(h) Sodium malonate and iodine.—This reaction also takes place 


at agreater speed in radiations of wave-lengths 7804 and 8500A 
than in the dark and hence the presence of the reducing agent sodium 
malonate sensitises the dissociation of iodine molecules. A mixture 
of sodium malonate and iodine shows в greater light absorption 
than solutions of sodium malonate and iodine taken indivi- 
dually (cf. Fig. 10). 

(1) Sodium malate and iodine.—Radiations of wave-langths 


7840A accelerate this reaction and hence the presence of sodium 
malate makes the iodine molecules more reactive and this is also 
corroborated by the increased light absorption by the mixture than 
the two ingredients considered separately (cf. Fig 11). 

(j) Sodium citrate and iodine.—The reaction takes place at в 
greater velocity in radiations of wave-length 7804A than in the dark 
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and hence the dissociation of iodine molecules is sensitised by the 
presence of sodium citrate. Moreover, the absorption of light by a 
mixture of sodium citrate and iodine solution is much greater than 
that by sodium citrate and iodine considered separately (cf. 
Fig. 12). 

(k) Hydroxylamine hydrochloride and todine.—This reaction is- 


accelerated by radiations of wave-lengths 7804 and 8500А and 
hence due to the presence of hydroxylamine hydrochloride, the photo- 
dissociation of iodine is facilitated. Fig. 13 shows that the light 
absorption by a mixture of hydroxylamine hydrochloride and iodine 
is more pronounced than that by hydroxylamine hydrochloride and 
iodine taken separately. | 

(1) Hydrazine sulphate and iodine.—This reaction takes place in 


radiations of wave-lengths 7804 and 8500A ab a speed greater than 
that in the dark and henoe the presence of hydrazine sulphate sensi- 
tises the photochemical decomposition of iodine molecules. Moreover, 
ihe light absorption by a mixture of hydrazine sulphate and iodine 
as shown in Fig. 14 is much greater than the absorptions of 
hydrazine sulphate and iodine considered separately. 

(m) Hypophosphorous acid and todine.—This reaction was studi- 
ed in the dark by Steele (J. Chem. Soc , 1907, 91, 1641). Dhar re- 
ported that it was light sensitive. The light absorption by the mix- 
Боге in this case also is much greater than the absorptions due to 
iodine and hypophosphorous acid taken separately (cf. Fig 165). 

(n) Phosphorous acid and  iodine—The kinetics of this res 
action have been investigated only in the dark by Steele (ibid., 
1908, 98, 2208). 

In this case also the light absorption by the mixture is apprecia- 
bly greater than that caused by- phosphorous acid and iodine 
considered separately (cf. Fig. 16). It is of interest to note that both 
the velocity of the reaction and the light absorption are greater in 
the reaction between hypophosphorous acid and iodine than in the 
reaction between phosphorous acid and iodine. 


Reactions involving Chromic Acid. 


(a) Quinine sulphate and chromic acid.—The oxidation of quinine 
sulphate by chromic acid has been investigated in different radiations 
as же. ав.іп the dark by several investigators, notably Goldberg (Z. 
physikal. Chem., 1902, 41, 1; Z. wiss. Phot., 1906, 4, 56), Luther 
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and Forbes (J. Amer. Chem. Boo., 1909, 31, 770), Dhar and colla- 
botatora (J. Chem. Вос., 1917, 111, 717; ‘‘Chemical Action of Light’’, 
1981, p. 190), Forbes and co-workers (J. Amer. Chem. Soc., 1928, 48, 
1891; 1988, 88, 588). Both the reacting substances showed marked 
light absorption but the mixture absorbs more than the ingredients 
taken separately as will be évident from Fig 17. 

(b) Oxalic acid and chromic acid.—This reaction has been inves- 
tigated by Dhar and collaborators in the dark and in light. Fig. 17 
shows that the light absorption by a mixture of oxalic acid ‘and 
chromic acid is appreciably greater than that by -oxalic acid and 
‘chromic acid considered separately. 

(c) Formic acid and chromic acid.—This reaction has ‘been 
studied by Dhar (J. ‘Chem. Soc., 1017, 111, 707) inthe ‘dark It 
appears from Fig 17 that the light absorption by a mixture of formic 
acid and chromic acid is slightly greater than that by the two subs- 
tances considered individually. 

(d) Hypophosphorous acid and ‘chromic acid.—Chromic acid is 

easily reduced to chromium salts in presence of hypophosphorous 
acid. Fig. 18 shows that the light absorption by a-mixture‘of chro- 
mie acid and hypophosphorous acid is appreciably greater than ‘that 
by chromic acid and hypophosphorous acid taken separately. 
. (e) Phosphorous acid and chromic acid.—This reaction was first 
studied by Dhar (Ann. chim., 1919, іт, 11, 180) in the dark. Fig. 18 
shows that the light absorption Бу в mixture containing dilute solu- 
tions of phosphorous acid and chromic acid is greater than that by 
the two acids taken separately. 


Reactions involving Potassium Permanganate. 


(a) Ozalic acid and potassium permanganate.—This reaction 
has been investigated by several workers notably-Harcourt and Esson 
(Phil. Trans., 1860, 86, 198), Skrabal (Z. anorg. ‘Chem., 1904, 42, 1), 
Dhar and collaborators (cf. Dhar, ‘‘Chemical Action of Light," 1981, 
p. 196) in light as well as in the dark. Fig. 19 shows that the light 
absorption by a mixture of potassium permanganate and oxalic 
acid is much greater than that by potassium permanganate and 
oxalic acid considered separately. 

(b) Potassium permanganate and hydrochloric ‘acid.—It is well 
known that potassium permanganate reacts quite readily with hydro- 
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chloric acid. In this reaction "also i& is observed that the light ab- 
sorption by & mixture of potassium permanganate and hydrochloric 
acid is appreciably greater than that by the two ingredients taken 
individually (cf Fig. 20). 


Reactions involving Mercurio Chloride. 


The increase in light absorption by different organic acids due to 
the presence of dilute solutions of mercurio chloride as observed by 
Ghosh and collaborators (J. Indian Chem. Soc., 1928, B, 871) has 
already been considered in Part I of this series. | 

We have studied the cases of the reduction of mercuric chloride 
by phosphorous and hypophosphorous acids. 

(a) Merouric chloride and hypophosphorous acid —The kinetics 
‘of this reaction have been investigated in the dark by Mitchell 
(J. Chem. Вос., 1921, 119, 1266). Vig. 21 shows that the light absorp- 
tion by a mixture of mercuric chloride and  hypophosphorous 
acid is appreciably greater than that by the two components bane 
separately, 

(b) Mercurio chloride and phosphorous acid.—This reaction was 
first studied in the dark by Purkayastha and Dhar (Z. anorg. Chem., 
1922, 191, 156). It will be evident from Fig. 22 thatthe light absorp- 
tion by a mixture of ‘mercuric chloride and phosphorous acid is- 
greater than that by, mercuric chloride and phosphorous acid consi- 
dered individually. | 


Reactions involving Silver Nitrate. 


(a) Silver nitrate and sodium formate.—Dhar (J. Chem. Soc., 
1917, 111, 707) studied this reaction in the dark. Fig. 28 shows 
thrt the light absorption by & mixture of silver nitrate and sodium 
formate is appreciably greater than that by silver nitrate and sodium 
formate considered separately. 

(b) Silver nitrate and ferrous ammonium  sulphate.—Dhar, 
Datta, and Bhattacharya (Proc. К, Akad. Wetensch. Amsterdam, 
1920, 28, 259) and recently Roberts and Soper (J. Chem. Soc., 1982, 
2004) studied this reaction in the dark. The light absorption by в 
mixture of silver nitrate and ferrous ammonium sulphate is much 
gre ater than that by the two ingredients taken individually (cf. Fig. 
34). | | © 
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Reactions involving Hydrogen Perozide. 


(a) Hydrogen peroxide and sodium thiosulphate.—Abel (Monatsh., 
1907, 28, 1289) has shown that hydrogen peroxide reacts with 
thiosulphate according to the equation 


.H305 F 2850". + 2Н`' = З.О” в F 2H,0. 


Hig. 25 shows that the light absorption by.a-mixture of sodium 
thiosulphate and hydrogen peroxide is greater than that by the two 
constituents considered separately. s 

(b) Hydrogen peroxide and glucose.—Ghosh and Mukherji J. 
Indian Chem. Soc., 1929, 6, 231) have studied the photo-oxidation of 
glucose and ева peroxide in presence of tungstic acid sol. Fig. 
26 shows that a mixture consisting -of dilute solution of glucose 
and hydrogen peroxide absorbs light to & greater extent than the sum 
of the two ingredients considered separately. 

It is well known that the oxidation of organic baana by 
hydrogen peroxide is accelerated by iron salts. Both ferrous and 
ferric salts are effective. We have observed that the addition of 
ferric chloride inoreases the light absorption by a mixture of hydrogen 
peroxide and an organic substance. В 

(с) Hydrogen peroxide and potassium persulphate.—This reaction 
was first studied by Friend (J. Chem. Soc., 1906, 89, 1096) in the 
dark. The light absorption by a mixture consisting of dilute solu- 
tions of hydrogen peroxide and potassium persulphate is. appreciably 
greater than that by the two substances takén separately (cf. 
Fig. 27). 


Reactions involving, Oxygen. 


Recently Dhar and Atma Ram (J. Indian Chem. Soc., 1088, 10, 
287) have shown that organic substances like acetic acid, aminoacetic 
acid, glycerol, acetone, etc., are appreciably oxidised first to formal- 
dehyde when they аге exposed to air and light, 

We have taken photographs of dilute solutions of acetic and 
aminoacetic acids before and after saturation of the solutions with 
oxygen in a large Hilger quartz spectrograph. Fig. 28 shows that 
the light absorption in the short ultravioleb region is appreciably 
greater with the solutions of acetic and aminoacetic acids when 
saturated with oxygen than in the absence of oxygen, which when 
dissolved in water shows slight absorption in the ‘ultraviolet. From 
the figure it will be evident that the light absorption by a mixturé of 
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acetic acid or aminoacetic acid and oxygen is slightly greater than 
that by. the two ingredients considered separately. 

` Ав the beginning of molecular absorption of oxygen is in the 
region 2020А, it is not possible to obtain more marked difference 
in absorption in the ultraviolet region with mixture of oxygen in an 
ordinary quartz spectrograph. 

lodic acid and oxalic acid.—The kinetics of tlis reaction in the 
dark and in light have been studied in this laboratory. Fig. 90 shows 
that the light absorption by a mixture of 10416 and oxalic acids is 
greater than the absorptions of the two acids taken individually. 


Hydrolysis of Cane Sugar. 


The Kinetics of this reaction has played an important róle in the 
development of chemical dynamics and photochemistry. In publica- 
tions from this laboratory it has been shown that this reaction is 
accelerated not only by ultraviolet light but also by radiations of 


wave-lengths 4725, 5650, 7804 and 85004. 

It will be of interest to note from Fig. 80 that the light absorp- 
tion by & mixture of hydrochloric acid snd cane sugar is appreciably 
greater than that by cana sugar and hydrochloric acid taken 
separately. 


DISCUSSION. 


It has already been emphasisedin Part I (loc. cit.) that the 
researches of Franck and Victor Henri show that whenever a molecule 
is rendered active and unstable, either by absorption of light or in- 
crease of temperature, and there is & loosening of the bond uniting the 
atoms, an increased light absorption by the molecules in this active 
condition is of common occurrence. Moreover, the experimental 
results brought forward in this and the previous papers are in support 
of the view that molecules can also be activated and there is conse- 
quent weakening of the binding forces by chemical agencies and this 
is evident by increased light absorption. Thus the binding forces of 
the halogen molecules, chlorine, bromine and iodine are weakened 
by the presence of reducing agents like hydrogen, sodium nitrite, 
ferrous sulphate, organic acids and their salts, efc., and in every case 
whenever there is the possibility of a chemical change between a 
halogen molecule and areducing agent, and a weakening of the bind- 
ing forces of the atoms in the halogen molecules takes place, if has 
always been observed that the light absorption by the mixture of the 
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two reacting substances is appreciably greater than the absorption 
due to the individual substances considered separately. Similar 
results have been obtained with other reacting substances. On the 
other hand, when there is no chemical change by mixing two subs- 
tances, no increased light absorption is observed as is evident in the 
photographs taken with hydrochloric acid and oxalic acid singly or in 
mixture (cf. Fig. 81). | | 

From the numerous cases cited in this paper it seems clear to 
us that if there is the possibility of the occurrence of & chemical 
change by mixing two or more substances, increased light absorption 
by the mixture is likely to be observed in those cases. We are of 
opinion that the increased light absorption by в mixture in compari- 
son with those of the ingredients is likely to Бе а measure of the 
reactivity of a given mixture of two or more substances. ` E 

Over and above the important experimental results of Ghosh 
and collaborators (loc. cit.) on increased light absorption by 
mixtures already discussed from this point of view in Part, the 
following observations by Ghosh and Chakravarti (J. Indian Chem. 
` Soc, 1929, 6, 828, 871) are of interest. These authors have observed 
a very marked increase in the extinction coefficient of mixtures 
containing a very dilute solution of copper sulphate and sodium sulphite 
in the red region. Moreover, it is well known that a copper salt is an 
excellent positive catalyst in the oxidation of sodium sulphite solution 
by oxygen. The above authors have also shown that the extinction 
coefficients of mixtures of Fehling’s solution or Benedict’s solution 
with reducing agents like glucose, glycerol, sodium formate, ete., are 
much greater in ultraviolet radiations of wave-lengths varying from 
8760-2266A than those of the ingredients considered separately. 
‘These observations are in support of our theory -that the - weakening 
of the binding forces of the molecules of cupric salts due to the 
presence- of reducing agents leads to an increased light absorption. 
Recently Damon and Daniela (J. Amer. Chem. Вос., 1988, 85, 2863) 
have observed that the green fluorescence of acetone vapour is 
replaced by a less bright blue fluorescence by the introduction .of 
oxygen. The authors are of opinion that even in absence of oxygen 
‘the fluorescent radiations of acetone contain blue rays, which are 
masked by the more intense green fluorescence and that the oxidation, 
instead of producing а blue fluorescence, merely quenches the green 
and permits the blue to be more prominent. Fluorescence of acetone 
vapour on illumination ‘has ‘been found to be a comparatively 
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unimportant factor in the photolysis and photo-oxidation of acetone. 
Similar results in which the introduction of oxygen causes the 
decrease of light emission of acetone vapour have also been observed 
by Crone and Norrish (Nature, 1988, 132, 241). These authors have 
claimed that they were the first to observe in the fluorescent spectra 
the phenomenon of predissociation, which has been generally observed 
in the absorption spectra only, but Turner (Phys. Rev., 1982, 
41, 697) has also recorded the phenomenon of predissociation in the 
fluorescence spectra of iodine vapour. The decrease in theclight 
emission of acetone vapour on illumination in presence of oxygen is 
in agreement with our view that inoresse in the chemical reactivity of 
- acetone due to the presence of oxygen leads to the increase in the 
light absorption. Similar results are obtained with iodine vopour. 
It is known that predissociation of molecules can be induced 
or inereased by collisions in some cases and atoms of iodine are 
generated in iodine vapour when illuminated by radiations of 
wave-lengths less than 6100A if argon is present. The argon 
quenches the fluorescence of the higher vibrational states of the 
iodine molecules. 

It is well known that the phenomenon of adsorption of a sub- 
stance on & surface is more or less allied to chemical combination. 
Recently deBoer and Custers (Z. physikal. Chem., 1988, B, 21, 208) 
have shown that the light absorption of iodine adsorbed on a CaF, 
film is much greater than that of gaseous or ия iodine in 
water. | 

The views advanced in this paper are also supported by the 
observations of Fajans and Karagunis (Z. physikal. Chem., 1929, 
B, 5, 885) on the light absorption by silver iodide. The authors have 
shown that the light absorption by silver iodide containing adsorbed 
silver ig appreciably greater than that of silver iodide, containing 
adsorbed iodine or silver iodide alone. Moreover, it is well known 
that the silver halides containing adsorbed silver are more photo- 
sensitive and hence more liable to be decomposed in light than the 
silver halides containing an excess of the halogen. Similar results 
have been obtained with other silver halides. The presence of silver 
gensitises the photo-decomposition of silver halides and weakens the 
binding forces between silver and the halogen atoms and causes 
increased light absorption. 

The observations of Vogt and Kéenigsberger (Z. ны 1928, 18, 
292) on the influence of temperature on the continuous: absorption of 
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bromine and-iodine-and of Gibson and Bayliss (Phys. Rev., 1988, 44, 
188) with chlorine seem to show that increased: жарашы leads to 
ё general broadening of absorption. | 

According to London's theory of chemical удей; the. T" 
tion of an additive compound, not necessarily stable, formed by 
mixing two or more substances is-essentially the first step requiring 
activation in a bimolecular exchange reaction. It appears that in 
general the formation of an additive compound with loosening of the 
binding forces of the molecules and consequent increased . light 
absorption is the first stage of a chemical reaction. 

We are expecting that in many, cases we shall becin a position: to 
calculate the energy of dissociation of molecules from: measurements 
of increased light absorption by mixtures of reacting substances. 

When the light absorptions of the reactions of K,0,0,+Cl,, 
K,C,0,+ Brg and К.050, +1, are compared, 1 will be observed 
that the absorption due to KgC,0,+Clg is the maximum, then 
comes К.С50, + Вг and final Kg0,0,+I,. The heats of the 
reactions 88 calculated from the thermochemical measurements of 
Thomsen are as follows: K4C40, + Cla, 84 Cal; K,C,0, + Brg, 62 Cal; 
KCa04 +I, 82 Cal; but the energies: of activation: of the three 
reactions are in the reverse order, the iodine reaction has the largest 
and the chlorine the least energy of activation. Moreover, it is well 
known thatthe dissociation energies of the halogen molecules are as 
follows: Cle, 57 Cal; Bro, 45 Cal; Ig, 85 Cal. It seems, therefore, 
that the dissociation energies of halogens are in the same order as 
their light absorption in presence of Kg0,0,4. Moreover, it should be 
noted that the light absorption is generally more prominent in those 
reactions, which proceed at a greater velocity than in those, where 
the velocities are small. Thusin the reactions with halogens and 
potassium oxalate, the velocity -is maximum with chlorine and 
minimum with iodine and the increased light absorption of the 
mixtures is in the same order. 


BUMMARY.. 


(A) It has been observed that the light absorption by & mixture 
of the reacting substances is greater than the absorptions by the 
ingredients with following reactions: 


(1) Oxalie acid and chlorine, (2) potassium oxalate and Domni 
(8) tartaric acid and bromine, (4) potassium oxalate and „iodine, 
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(5) sodium formate and iodine, (б) acetone and iodine, (7) ferrous 
sulphate and iodine, (8) sodium nitrite and iodine, (9) sodium 
tartrate and iodine, (10) sodium lactate and iodine, (11) sodium 
malonate and iodine, (12) sodium malate and iodine, (18) sodium 
citrate and iodine, (14) hydroxylamine hydrochloride and iodine, 
(15) hydrazine sulphate and iodine, (16) hypophosphorous acid and 
iodine, (17) phosphorous acid and iodine, (18) quinine sulphate and 
chromic acid, (19) oxalic acid and chromic acid, (20) formic acid 
and chromic acid, (21) Һурорһоврһогоиѕ acid and chromic acid, 
(22) phosphorous acid and chromic acid, (23) oxalic acid and 
potassium permanganate, (24) hydrochloric acid and potassium per- 
manganate, (25) merourie chloride and hypophosphorous acid, 
(26) mercuric chloride and phosphorous acid, (27) silver nitrate and 
sodium formate, (28) silver nitrate and ferrous ammonium sulphate, 
(29) hydrogen peroxide and sodium thiosulphate, (80) hydrogen 
peroxide and glucose, (81) hydrogen peroxide and potassium per- 
sulphate, (82) acetic acid and oxygen, (88) glycine and oxygen, 
(84): iodie acid and oxalic acid, (85) hydrolysis of cane sugar. 

(B) The increased light absorption appears to be due to the 
activation of the molecules by the presence of the molecules of the 
other substances. The activation of the molecules is associated with 
the weakening of their binding forces and consequent increased 
light absorption. 

(C) The observation of Weigert and Kellermann on increased 
light absorption by a mixtnre of chlorine and hydrogen and the 
increased light absorption observed by Ghosh and collaborators with 
mixture of Fehling's or Benedict’s solutions and mixtures of redu- 
cing agents, and the observations of Fajans on increased light absorp- 
tion by silver halides containing adsorbed silver, have been explained 
from the view point that the chemical reactivity of these various 
systems is associated with the weakening of the binding force end 
increased light absorption. 

(D) The reactions with greater velocity appear to show greater 
light absorption than those with small velocities. 

(E) It seems that the energies of dissociation of some molecules 
can be determined from measurements Of increased light absorption 
by mixtures. 
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Fie. 10, 


N/100—1; 
Exposure—7" 
N 11:6 Na-malo- 
nate 
N [850 — 1s + 
NIB B | Na 
malate 
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© 
2149 2291 2618 3374 DISDA 


Are 
Fre. 11. 
Np FO0-—Te 
A e а m, і 
Exposure-—-7 


N/91 —Na-malate 


NÍ850—T, + N/1395—Na- 
roalate 


Are 


Fia. 12. № /700—1; 


ү; ow fi и зи . 2 
Exposure—1 N/9-—Na-eitrate 


N /360—To + N-—Na-cibrate 


Are 


Kia. 18. N [100 —T4 


Exposure—7" N [10— NEOR HCI 


NJ5—NU,OH-HCI 


| Ате 
Ета. 14. 
Exposure 7^ NIU 0— T, (95503) 


N/S~—NH,yNHy"Ho80,4 


N/350—1; + N/4—N3Hj, 
H580, (H480,) 





DHAR AND 


Ета. 15. 
Esxposure—7" 


Reaction of 
Н» POs + Io > 
HyPQ, + 1» 
under identical 
conditions. 
Light absorp- 
tion is greater 
in the former 

‚ ease than the 
latter. 


Fie. 16. 


Exposure-—1" 


Fra. 17. 
Exposure— 15" 


Reaction of 
chromic acid + 
СНО, > 
chromie acid + 
H3COs. 
Light absorp- 
tion is greater 
in the former. 
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№ /4:8—H4PO, 


N/850 — + 


p^ 


Ате 


N /700 — T, 


IO 9N — RPO 


М /350— T, + 


2U8 N = LPO 


Ате 


А Í 1656 — пате? 


(045, ~ quinine 
sulphate 
N /R92&8 usd Н.С 07 s 
008% quin. sulph. 


N/119—CH;0, 


N/828 — Вост + 
N/100—05H50, 
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2149 2904 2168 3274 153A 


Fia. 18. Ате 


Exposure— 15" N/119 — HPO 
Reaction of 
chromic acid + 

HP Og > 
chromie acid + 
ELPO, The 
former absorbs 
more light. 


N/2232— HC raO; 

NIIT 5 — HPO + 
№2116 — HeCreO7 

N/14°B— EPO 


N/T15—H3POs4 4 
N/1116— 9010; 


Are 
Fic. 19. 

Exposure—15" N 200 — E MnO, 

N /40— C3H30, 


№ /100— KMnO; + 
№/20 —C H20; 





Are 
Ес. 20. 


E x АТ ЛЕГИ I$ Mr 
Е хрозиге-—15 HN IX | $00 К MnO, 


N/2-HCl 


N /400 — KMnO, + 
N — НОЇ 
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2149 2204 2618 3214 5153: 


Fic. 21. N/14:3— НРО, 


mit 


Expo ure-—{ 


N IO v Het le 
Are 
Еа. 22. 
N [118 — HA POs 


Exposure—7^ 


N50 5 — Ha PO; + 
N A8 — НЕСЬ, 


Ета. 28. 
схрозите—7” 
Reaction of 
AgNO; + Ее. 
Am. sulphate 
appears faster 
than AgNOs + 

NaH2CO»s- 
Former absorbs 
more light. 


Or. Ag NOs 


IPSOS 


0:595, NaHCO, 


195 Ag N( $ J КА 


Гу 


1% 1 а E 


Ате 


Fra. 24. Wu 
595 Ae NOs 


Exposure—7" И 
95 Fe Am. Sulphate 


196 AgNO at 
» Be Am. 
dul phate. 
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Bic. 25. 


Exposure—15' 


Ета. 26. 


Exposure—15" 


Fic. 27. 


Exposure—15” 





Are 


018435 НО, 





t 


Üran8 35 НО» PAJAR 


№2250 


Ато 


07018495 Is0s 


1°2595 glucose 





0096395 НО» + 
glucose 

1% Ka4930g 

0*184% Hy 4 


0°368% НО +2 
25308 


бу, К; ©, 
Puy T 


zu 
JU 
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Esxposure— 80^" 


Are. | 

Water saturated in oxygen. 

N/40 Acetié acid: 
N/40-Acetic.acid saturated with Os. 
№ /40-Glycines | 

N /40-Glycine saturated with Оз. 
Distilled water. 





Fic. 28 E 





93569 


2392 
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Fig. 29. 
E ip AN /10 — BaCO 
bxposure-—15' 


N/10— HIO, € N/5- 
H3040, 


Ате 


Fia. 80. 


20$ Cane sugar 
Exposure —15" 


N740— HCl 


4075. Cane sugar + 
A790 HCI 


Art 


Fie. 81. | К 
Exposure—15' 


N80 -- TCI 


N /28—C4H0, + 


é 


Мг40-— ЭИС 





Composition of Prussian and Turnbull’s Blue. Part II. 
Study of the Constituents of their Filtrates. = 


Bv ABANI К. BHATTACHARYA. 


In 8 previous-communication (Z. anorg. Chem., 1988, 248, 240) 
it has been shown that Prussian and Turnbull’ s blue differ in their 
composition when freshly prepared by mixing the reacting constitu- 
ents in equivalent proportions; but on ageing, the two compounds 
tend to be identical in composition and to assume a formula which 
is the mean of Prussian and Turnbull’s blue, Fe,[ Ее (СМ), |, and 
die Fe (CN), ]a.respeotively; or in other words, both the blues tend 

to approach the simplest formula Fe, E )s "m Не. CN= 

es : E 

It had also been urged that during the и of Prussian 
blue, formation of some ferrous and ferricyanogen ion takes place ав 
a result of mutual oxidation and ‘reduction. Similarly during the 
precipitation of Turnbull’s blue there would be some ferrie and ferro- 
cyanogen ions produced. In consequence of this, both Prussian and 
Turnbull’s blue would tend towards a composition intermediate 
between ferrous ferricyanide and‘ ferric ferricyanide. 

The analysis of the filtrates of Prussian and Turnbull’s blue was 
carried out to find whether mutual oxidation and reduction actually. 
took place and the results are recorded in this paper.. ' 

The filtrates of the blues were prepared by mixing the solutions 
of the reacting substances in equivalent proportions. The mixture 
was made up to a litre in each case and the supernatant liquid was 
‘tested for the products of mutual oxidation and reduction as well as 
for the residual reactants. 

When ferric chloride and potassium ferricyanide are mixed in 
equivalent proportions, no residual reactants could be detected with 
filtrate but when potassium ferrocyanide is added in excess, ferricya- 
nide appears in the filtrate as shown by the liberation of iodine from 
potassium iodide. The filtrate does not give any test for ferrous sul- 
phate, no matter in what proportions the reactants are added. 
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When ferrous sulphate and potassium ferricyanide are mixed т 
equivalent proportion, an appreciable amount of ferrous sulphate and 
a trace of ferric salt ùppear in the filtrate. If potassium ferricyanide 
is added in excess, the filtrate decolourises very dilute solution of 
potassium permanganate showing the formation of ferrocyanide. 
This has also been confirmed by mixing small quantities of ferric 
chloride to the solution of ferrous sulphate before addition of an 
equivalent quantity of ferricyanide. | 


TABLE I, 


М] 2:5-Fe8O, mixed with varying quantities of M/2'5-FeClg ` was 
added to the required volume of M/2'6-K,Fe(CN)g so as to give 
total precipitate of 0'125 в. Total volume kept constant at 50 с.с. 


M/2'b-FeCl; 0 0g 0:8 Q'4 0'5 

. added (0.0.} 
Action of Nil Nil Nil Red Deep red 
NH,ONS . 


It follows from the above experiments that with the removal of 
ferric chloride, there should be а corresponding »sxcess of ferrous 
sulphate that remains unacted upon at the end of the reaction; and 
this is also shown by experiments recorded in Table II. 


TABLE II. 


Equivalent quantities of FeSO, and K3Fe(CN)4 were mixed in 
presence of varying quantities of FeCl, as to give 0°25 р. of the preci- 
pitate. Total volume kept at 100 c.c. The ferrous salt, unacted 
upon, was titrated with KMnO,. 


M/2°5& FeO, added. N/26°84-KMnO, required. FeSO, unreactad. 


0 c.c. 8'0 c.c. 071698 g. 
079 86 01989 
04 4'0 02286 

| 06 5'0 0 2834 
0'8 560 02894 


The foregoing observations lend support to the view that some 
potassium ferrocyanide is undoubtedly formed in the above reaction; 


= 
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the ferrocyanide reacts with the little ferric chloride which had. been 
added to ferrous sulphate before it was mixed with*potassium ferri- 
cy&nide. I 

It was further observed that the filtrate of Turnbull's blue de- 
colourised permanganate solution even after the ferrous sulphste had 
been removed as hydroxide by ammonia. Qualitative test for 
cyanide gave no indication of its presence. The reducing constituent 
was found to be an oxalate when tested for in the usual way after 
removal of the sulphate from the filtrate. 


TABLE III 
Analysis of reducing substances. 


Equivalent quantities of Fe8O0, and KgFe(CN)g were mixed in 
the following concentrations to produce 2'5 в. of the precipitate. 
Volume was kept constant at 1 litre. The values obtain- 
ed on immediate titration with KMnO, correspond to ferrous salt 
and oxalate where ferrous salt was not removed and to only oxalate 
where ferrous salt had been removed as hydroxide. The values re- 
corded after 24 hours correspond to total reducing substances in 
either cases. Estimations for 50 c.c. are given. 


Conc. of Reducing substances in terms of N/5.16KMn0O,. 
mixing FeSO, present Fe80, removed 
Рево, : KyFe(CN)e. Immediate Total Immediate Total 
reduction. reduction. reduction. reduction. 
M/5 : M/b TIL exc. 2°86 с.е. 0'25 с.о. O77 c.c. 
M10 : M/10 0:901 | 2°86 , 0°25 0°77 
M/25 1 M/95 0°89 q'80 0*28 0279 
TABLE IV 


Quantities of Fe80, апа HgC50, calculated from the results 
given in Table ITT. 


Cone. of mixing . FeSOm . H,0,0,. Undetected reducing agents in 
terms of N/b'16-KMnO,. 


MIS : Мб 03894 g.[litre — 004370 g./litre 145 c.c. 
M/10 : M/10 0°8804 004870 146 
М е5 : М/95 0:8800 0:04892 147 


9 
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Prussian blues prepared in the same proportions as given in the 
foregoing tables "by mixing ferric chloride with potassium ferrocya- 
nide' were kept in the dark and algo exposed to sunlight, but neither 
oxalic acid nor ferric or ferrous salts could be detected in their fl- 
trates. 


DISOUSSION. 


Tt seems that the appearance of potassium ferricyanide on adding 
excess of potassium ferrocyanide and its absence from the filtrate 
when ferric chloride and potassium ferrocyanide are mixed in equiva- 
lent proportions cannot be completely explained by a purely 
chemical explanation as given by Woringer (Chem. Z., 1912, 88, 
78). In all probability, the phenomenon of adsorption plays also an 
important part in removing the free potassium ferricyanide which is 
formed in accordance with the following reactions: 


4 FeCl, +8 K,Fe(CN)g == Ғе, [Ее (СМ), | 8 + 19KCl 


Prussian blue. 
FeCl, +K,Fe (СМ), = FeClp+KCl+KgFe(CN), 
B FeCl, +2 K,Fe(ON), = Fog [Fe (CN)5]s 


Turnbull's blue. 
. &dsorbed 
[Prussian and Turnbull’s blues] + Кз Ее (CN), (residual) —- [pre- 
cipitated blue] Fe (ON) +3K°. 


Adsorption of K,Fe (СМ), by Prussian blue and K,Fe(CN) by 
Turnbull’s blue has been studied and the results published (Z. anorg. 
Chem., 1088, 218, 240) will show that potassium ferrocyanide is 
appreciably adsorbed by Prussian blue, and the adsorption of potas- 
sium ferricyanide by Turnbull’s blue, though much less than the 
corresponding values of K,Fe(CN)g adsorbed by Prussian blue, was 
not negligible. In view of the adsorption effects shown by Prussian 
blue, the author is of opinion that the little potassium ferricyanide 
that is formed by mutual oxidation and reduction is partly used up in 
forming ferrous ferricyanide or Turnbull’s blue, and the residue is 
adsorbed by the precipitates, whereas, when potassium ferrocyanide 
is added in excess, the ferrocyanogen ions are sufficiently adsorbed by 
the precipitate and hence potassium ferricyanide is set free in the 
solution. 16 is also to be noted in the foregoing scheme of reactions 
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that for each molecule of potassium ferricyanide formed, only two- 
thirds of it is used up by ferrous chloride leaving a residual quantity 
of ferricyanide which, if not adsorbed by the precipitate, should 
appear in the solution and this condition is favoured by mixing potas- 
sium ferrocyanide in excess. 


When ferrous sulphate is mixed with potassium ferricyanide, the 
following changes are likely to take place, : 


I. 8 FeS0,+2 КзЕе(СМ); = Fe, [Fe (CN),],+8K,S0, 
Turnbull's blue. 


IL 4 Fe80,+4KsFe (CN),+2 Н,80, = 3K,Fe(ON),+ 
2Fe,(80,), +H,Fe(CN), 
Ш. 2 Еө.(ВО,): +8 К, Ее (СМ), == Fe,[Fe(CN) 5] 3 + 6K580, 


| Prussian blue, 
IV. H,Fe (СМ), + H380,-— Fe80,+6 HON 
| НОМ H,Fe(ON),- H,Fe (СМ), +ОМ 
i |, НОМ +0 = Н.0+ (СМ. 


COOH 
УГ. (CN)gt4H,0 = | + 2 NHg 
COOH 


According to the above scheme, the existence of residual ferrous 
sulphate in the filtrate can be explained as in equation (IV). The 
formation of oxalic acid may also be oxplained on the assumption that 
part of the hydrocyanio acid is oxidised to cyanogen (ОМ), . which on 
hydrolysis forms oxalic acid. For the other reducing agents not yet 
identified, 16 seems probable that nitrogeneous organic reducing subs- 
tances are formed with the intervention of hydrocyanic acid. 

When dried precipitates of Prussian and Turnbull’s blues are boiled, 
a small fraction assumes а colloidal character. It is quite stable and 
coagulation can only be effected by adding an electrolyte. 

Estimation of moisture in air-dried preparations of Prussian and 
Turnbull’s blues was carried out by taking weighed quantities of 
them in a crucible and heating in the air oven at 100° till the weight 
was found constant. The following table gives the total amount of 
moisture retained by prussian and turnbull’s blues. 
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TABLE V. 
Conc. of mixing. Moisture in Prussian blue Moisture in Turnbull’s blue. 
M/5 :M/6 16°72 % 1816 % 
M/10: M/10 15°79 17-47 
М [95 : M/265 16°16 10°80 
Average 16°22 18°80 


The samples of the blues dried in steam oven on exposure to the 
atmosphere regained the moisture lost in several days, the rate of 
increase in weight of turnbull’s blue being a little slow. 

Experiments on the study of colloidal Prussian and Turnbull’s 
blues are in progress. | 


SUMMARY. 


1. The formation of some quantity of potassium ferricyanide on 
adding ferric chloride to potassium ferrocyanide has been detected 
when potassium ferrocyanide is in excess. 

2. On adding ferrous sulphate to potassium ferricyanide, some 
quantity of potassium ferrocyanide is. formed. This has been in- 
directly shown by the removal of ferric chloride already added to the 
reacting ferrous sulphate from the field of reaction when the latter 
acts on potassium ferricyanide. 

8, Presence of oxalic acid has also been detected in the filtrate 
and estimated. 

4. Percentage of moisture retained by Prussian and Turnbull’s 
blues has been estimated and the change produced on boiling the 
blues in water for a few hours has been observed. 


In conclusion, І express my indebtedness to Prof. N, В. Dhar and 
Dr. 8. Ghosh for their help and interest in the work. 
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Dark Reaction between Sodium Formate and iodine. 


——- 


By 8. B. ОоовА4 AND W. У. BHAGWAT. 


The reaction between sodium formate and iodine was studied by 
Dhar (J. Chem. Soc., 1917, 111, 707) and the order of the reaction 
with respect to sodium formate and iodine was found to be unity. 
We have studied this reaction at different temperatures and have 
also determined the effect on sodium acetate, potassium chloride, 
potassium bromide and potassium iodide on this reaction. Our 
results are recorded below:. 


Order of the Reaction. 


This was determined by Ostwald's isolation method, by varying 
the concentration of sodium formate which was always kept high. 
Thus if К, and kg be the velocity coefficients when the concentrations 
of sodium formate are c, and со, then the order n of the reaction 
with respect to sodium formate is given by 


n= 108 ky [kg 
log с, [сг 


TABLE І. 


КІ=44'664 g./litre. I,=6°6934 g./litre. HCOONa=122 р. / Ше, 
50 О.о, of each solution mixed together and 10 в.в. of mixture titra- 
ted each time. 


Time. Thiosulphate required. ky = Hog alat. 
0 min. 1l c.c. 
T 6*2 0°0146 

- 40'8b 2°85 0°0145 
54 1'8 00144 





mean 00148 
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The velocity coefficients for other concentrations of sodium 
formate are given in Table II. 





' TABLE II. 
А : 1 log ky kg 
| ' f A р д. пе OR КУК 
Js + КІ (g./litre). Na formate (g./litre) k 7 log а[а-х. n Ic 01/5 
6-6984 I, () 192 (a) 070145 log;-/log =x] 
+ н 
44-664 KI 
(и) 976 (6) 00118 — log /log LE 
1$ 
Gi 86:6 (c) 00036 log? /log- =1 
1t 
(ie) 198 (d) 000147 logs /log—— =| 
1D 
{$} 61 (e) 0000790 


Hence the reaction is directly proportiona! to the concentration 
of iodine and also to the concentration of sodium formate and hence 
ihe total order of the reaction is 2. 


Effect of Sodium Acetate. 


Sodium formate is easily oxidised by iodine at the ordinary tem- 
perature and the course of the reaction is represented by the 
equatien, 


Dhar (loc. cit.) has used ап excess of sodium acetate to regulate 
the reaction as the hydrogen ions, formed ав a product of the change. 
greatly retard the reaction. We have studied the effect of sodium 
acetate on this reaction and observed that when concentration of 
sodium formate is sufficiently high, the reaction velocity is regular 
even without the addition of sodium acetate and the amount of so- 
dium acetate has practically no effect on the velocity constant. 


м 
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TABLE III. 
KI-44:664 в. 18ге. I, = 6°6984 g.[litre. HCOONa&-:122 g./litre. 


50 С.е. of Ig solution + 50 c.c. of HCOONa solution mixed and 10 e.c 
of the mixture titrated each time at 80?. 


Sodium acetate= nil Sodium acetate = 0:884 g./100 с. c- 








mixture. 

Time. Thio. ls. Time. Thio. ky. 

0 min. 11 c.c. — 0 18 — 
17 ` 6:2 0°0146 22 6-5 0 0186 
40°35 2785 0`0145 85 4°05 0°0144 
54 1:8 Q'0144 56 2°06 0°0146 
mean 0'0145 mean 0'0145 

Other results are summarised in Table IV. 
TABLE, IV, 
Na-acetate in g./100 c.c. № at 16°. k; at 21°. ky at 98°. 
mixture. 

0°001678 0°00864 000756 

5 0°001670 0'00884 0*00788 

10 0°001670 0*00864 000758 

20 0*001674 000864 000758 


It ів thus clear that sodium acetate is not necessary to regulate 
the reaction when the concentration of sodium formate is high. 


Effect of Potassium Iodide. 


This reaction is retarded by the addition of potassium iodide due 
to the decrease in the amount of free iodine as КТ; is formed accord- 


ing to the equation КІ + Igg——5KI;. 


994 


KI=2°2881 g./100 о. с. mixture at 21? 


Time. 

0 min. 
2b 

50 


15 


Other results may be summariesd as follows: 
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TABLE V. 


Thio. м. 
16°6 c.c. — 
1845 0'00865 

9:9 000865 

8'8 000861 





` mean  0'00864 


TABLE VI. 


KI. g./100 c.c. 


of mixture. 
32881 
T2881 
12°9881 
22'2531 


ki at 21°, 


0'00864 
0'00114 
00008961 
0`000820 


kı at 26°. 


0007408 "|. 


0002654 
0°00160 


Temp. 


91° 


26° 


mixture, 


Taio. 


16°75 c.c. 


167 
147 


18°7 ` 


mean 


Taste УП 
Ratio Ratio 
of kj. of KI 

conc. 

8°28 8°21 
44 58 
11'4 10°1 
2°85 8.2 
5'8 


4°62 


KI-7:2281 g./100 с.с. of the 


ky. 





Ratio of KI 
cono,/ ratio 
of ky. 
1'00 
1°20 
0*90 
114 
114 


The relation between the amount of KI and the velocity coeff- 


cient ig represented in Table VII. 


These results show that the velocity coefficient does not fall 
directly as the concentration of potassium iodide but by a power 
which is less than the direct. 


Effect of Potassium Bromide. 


It is observed that the velocity ELE is unaffected by the 
addition of potassium bromide, 
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| Taste VIII. 
Temp. =21° Temp, = 20? 
KBr (g./100c0. Ё. KBr (g./100c.c. | К. 
of mixture). of mixture), um 
0. 000408 0 0°00778 
b 0"00408 5 000778 
10 000404 10 000774 
20 000409 90 000775 


Effeot of Potassium Chloride. 


We have varied the concentration of potassium chloride and 
observed that the velocity of the reaction inoresses with the con- 
centration of potassium chloride. Ghosh and Purkayastha (Z. physi- 
kal. Ohem., 1980, B., Т, 276, 285), has observed the same in case of 
the reactions between organo-hydroxy acids and bromine, Our results 


are given in Table IX. 
TABLE ІХ, 


| i Temp. 21°. 
KCl — nil. 
Time Thio. ky. Time. 
0 min - 2158 c.c, "I, 
95 194 000865 20 
40 109 ^ 000868 ... 40 
60 9°25 000868 - 60 





mean 0'00886 


Other results are summarised in Table X. | 


s 3 4 TABLE X. 
- Temp. КО! (8./1С0 в.с.. Рій, in amount hy. 
of mixture). ~ of KCl. ^: a 
26° 0 ^— — 0070 , 
Жы . 8, 000818 
10 . ocr 5,» 10 . 0'00892 . 
20 20 0*01010 





KCl 8:087 g./100 o.c. 
| mixture. 
Thio. ky. 

. . 1871 0.0. — 
19:20 ^ оома 
6 000491 
7'9 0'00470 

mean 0'00481 
Diff. in Ку. DH GE 
.. ,0°00078, 0-000146 
0*00158 . ' ("000159 
>” 000970 - с 000185 
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The results in the last column show that the increase in velocity 
coefficient is proportional to the concentration of KCl. 


Temperature Coefficient of the Dark Reaction. 


We have varied the amount of sodium formate and the velocity 
coefficient at different temperatures so obtained аге summarised 
below. 


TABLE XI. 
Na-formate (g./litre) 100 | 80 | 50 80 
Ку at 16° E 000161 000190 | 0*000788 07000549 
kı at 21° ü 0*00868 0:00290 0*00188 0:00118 
kı at 96° ЕЕ 0'00768 . 000618 0:00398 0-00885 
TABLE ХП. 


"elina. Temp. coeff. km /k;s. Temp. coef. kss/ku. Temp. соей. kao] Toe. 


000866 _ 0'00758 000768 











100 20000 ар бос 7-305 вв 
50- АЙ re Я | 700078845 
80 ee em OT" ere 


These results clearly show that the value of temperature coeffi- 
cient increases as the velocity constant falls. Thus the dark temp- 
erature coefficient or the acceleration of the dark reaction depends on 
the initial velocity. If this is smaller, the acceleration is larger or 
the temperature coefficient is greater than when initial velocity is 
great. This is quite obvious, because the acceleration depends on 
the number of active molecules increased, and always the same 
fraction of inactive molecules is activated according to Maxwell’s | 
rule. Hence, when the velocity is small the number of inactive 
molecules is great and hence the acceleration due to temperature or 
temperature coefficient is great. 
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Taste XIII. 
Reaction with aqueous iodine. 


Ia =0'208 g./litre. HCOONa=4 g./litre. 60 c.c. of each solution 
mixed together and 10 в.с. of mixture titrated each time. 
Temp. =16°. 





Time. | Thio. Ку. 
0 min. 20'6 с.о. — 
30 12 8 000889 
60 8:6 0'00684 
90 4'96 | 0`00680 
mean  0'00667 
TABLE XIV. 


Velocity constant with the conceniration of formate at 16°. 


Na-formate (g./litre). ky. ky calc. on proportionality basis. 
4'0 0°00667 0:00667 
8'2 0°00586 0'00588 
9:0 _ 000828 000938 
18 0°00212 0°00201 


Thus the reaction is unimolecular with respect to both sodium 
formate and iodine. 


Ghosh and Purkaystha (loc, cit.) have suggested from their 
experiments with bromine and organo-hydroxy acids that the order 
of the reaction with respect to halogen is bimolleular. Our results 
clearly have shown that at least in case of iodine, even in aqueous 
solution without the presence of KI, the order is unimolecular. 


These observations therefore support the view of Bhagwat and 
Dhar (Z. anorg. Chem., 1981, 191, 893) that the order of the 
reaction with respect to iodine is unimolecular in such cases. 
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The comparison of the results clearly shows that the velocity 
constant has tremendously increased in case of aqueous iodine for 
the same concentration of sodium formate. It is about 8000 times 
greater than the velocity when 44°6684 g. of KI per litre are 
present. 


* 


SUMMARY. 


1. The dark reaction between sodium formate and iodine both in 
presence and absence of potassium iodide has been investigated and 
it is shown that order of the reaction with respect to iodine is always 
unity and never bimolecular as suggested by Ghosh and Purkaystha 
in case of bromine reaction. | 

2. The study of the effect of potassium chloride, potassium 
bromide, potassium iodide and potassium acetate shows that the 
reaction is accelerated by KCl and acceleration is proportional to the 
concentration of KC]. While KI retards the reaction KBr, has no 
effect on the reaction. It seems, therefore, that retarding effect of 
КІ is due to the formation of KI, with I, thus diminishing the con- 
centration of free iodine. Jt is found that when concentration of 
the sodium formate is high it is not necessary to add sodium acetate 
to get good velocity constants. 

8. Measurements of temperature coefficient show that the value 
depends upon previous acceleration; greater the previous acceleration, 
smaller the temperature coefficient. 


Br. JOHNS COLLEGE AND 
Аввл QOLLEGE, - Received January 21, 1984. 
AGRA. 


Amylase from Sweet Potato (Ipomoea Batatas). 


By К. VENKATA Giri. 


Among plant amylases, those from leaves and grains have been 
most studied, but only comparatively meagre information is available 
regarding the nature and behaviour of amylases from tubers. 

^ Payen and Persoz (Annalen, 1884, 68, 78 ; 56, 887) were the 
first to observe the presence of amylase in germinating potato, but 
very little fresh information was added by later workers. Chrzaszez 
and Kostytschew, (Woch. Ватай., 1902, 98, 105), Kostytschew, (Ber. 
Bot. Qes., 1918, 81, 195), Windisch and Jetter (Z. Spiritusind, 1907, 
30, 554), Heinzelmaan, (ibid., 1908, 81, 12) until Doby (Biochem. 
Z., 1914, 67, 166) “and Doby and Burger (Fermentforse, 1982, 18, 
201) made & systematic study of the various factors that influence 
thé” activity of potato amylase. 


— 


The observations of Doby. (loc. cit.) ав also the later. ones of 
Haehn and Schweigart. (Biochem. Z., 1928, 148, 516) led to the con- 
clusion that potato amylase resembles animal amlyases in its be- 
haviour towards salts, amino acids, hydrogen-ion concentration and 
temperature changes. MoGuire and Falk (J. Gen. Physiol., 1920, 9, 
215) have shown that the optimum reaction for potato amylase lics 
at рн 6'7. Borchardt and Pringsheim (Biochem. Z., 1981, 289, 
198) obtained evidence to show that potato amlyase occupies an in- 
termediate position between the malt amylase which is particularly 
rich in B-amylase, and the take-amylase which is pure a-amylase. 

In view of the importance of the foregoing observations and the 
inadequacy of our knowledge regarding other tuber amylases, the 
present ` investigation ‹ on the BIDS from sweet potato wasg 
undertaken. | 


Sweet potato із а common vegetable which . is extensively 
cultivated in India. Itiscommonly used as food, cooked in curry 
or boiled, roasted or fried. Two forms are met with, one the red 
and the other the white tuber. Both the forms contain about 10 to 
20% of sugar and about 16%.of starch (cf. Watt, “The Commer- 
cial Products of India,” 1908, p. 687). 
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The importance of the study, of amylase present in sweet potato 
can be seen in the extensive application of the enzyme in industries 
like syrup manufacture, where it is employed to remove starch, 
which is responsible for the jellying and for the difficulty with which 
the syrup filters. In view of the possibilities of manufacturing syrup 
from sweet potato (Gore, Raese and Reed, Chem. Age, 1921, 29, 151) 
a knowledge of the characteristics and the rôle played by the amylase 
present in the tuber is of great value in controlling the conditions for 
successful operation of the method. 

Gore (Ann. Food J., 1928, 18, 519) has shown that maltose is 
formed on cooking sweet potato and this is attributed presumably to 
the presence of diastase in the tuber. 

Hasselbring and Hawkins (J. Agric. Res., 1915, B, 881, 548) have 
investigated the general course of carbohydrate transformation in 
sweet potatoes, during storage, and observed that in the stored sweet 
potato starch is first converted into reducing sugars, and finally 
cane sugar is synthesised from reducing sugars. Here again в study 
of the róle played by amylase present in the tuber is of great impor- 
tance in elucidating the physiological changes taking place in the 
tuber during storage and germination. 

The present communication relates to the characteristics and 
mode of action of the sweet potato amylase, its function in the 
tuber and finally its comparison with amylases from other 
sources. - 


- 


ЕХРЕВМЕМТАГ. 


рери» of ihe enayme.—For the larger Dart of this work 
fresh tubers (red variety) were obtained from the market. An active 
preparation of the amylase-can be obtained by pressing the juice from 
the tuber in a hydraulic press. The juice thus obtained is a light 
brown and opalescent liquid, and contains the amylase. The juice 
does not, however, keep well, so other methods of preparing the 
enzyme from dry material had to be adopted. 

After mincing the tuberin a chopper, the ground tissue was 
spread on enamelled trays and kept for drying in bright sun. By 
frequent turning, the material can be dried in 6-6 hours. The materi- 
al should not be allowed to ferment, as the activity of the enzyme 
is generally reduced by fermentation. The sun cried material was 
ground to a fine powder and passed through a 40 mesh sieve. The 
powder can be preserved well in bottles without any loss of 
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amylolytic activity. The enzyme can be easily extracted from this 
powdered meal with water or aqueous glycerol. The extract can be 
purified by dialysis in collodion bags. 

The enzyme can be obtained in a concentrated form by precipita- 
tion with alcohol from aqueuous extracts of the meal. 200 G. of 
dry powdered meal were extracted with 800 o. c. of water for 12 
hours in presence of toluene. It was then filtered and centrifuged. 
The amylase was precipitated from the aqueuous extract by adding 
four times the volume of 95 % alcohol, and after the settling of the 
precipitate the top layer was syphoned off and the rest centrifuged. 
The sediment thus obtained was treated with absolute alcohol and 
ether and finally dried in в desiccator over anhydrous calcium 
chloride. The resultant powder is light brown in colour. 

Methods of procedure.—Boluble starch prepared according to 
Zulkowsky was used as substrate. The hydrogen-ion concentration. 
of the reaction mixture was adjusted by addition of Walpole’s acetate 
buffer (px 8°0—6°5). For high ranges of рн, Sérensen’s phosphate 
buffer was used. The enzyme solution was prepared by weighing а 
known amount of the enzyme powder, which was made into a paste 
with water and diluted to 100 c.c. It was prepared afresh for each 
experiment. The reactions were carried out at constant temperature 
in an electrically controlled thermostat. 

The digestions were carried out in Erlenmeyer flasks with 100 в. в, 
lots of mixtures containing 1'5 в. of starch, buffer solution and 
enzyme. 10 C. c. samples were removed at intervals of 5, 10, 16, 20 
and 80 minutes, and the reducing power determined by the method of 
Willstátter and Schudel (Ber., 1918, 64, 780). The degree of 
hydrolysis is expressed by the reducing power of the mixture. This is 
measured by the amount of maltose formed in the total volume (100 
с. с) of the reaction mixture in a given time and the velocity cons- 
tants for a unimolecular reaction were calculated according to Euler 
and Svanberg ( Z. physiol. Chem., 1920-21, 112, 191), by applying the 
formula 





where ¢ is the reaction time in minutes, a, the original concentration, 
æ, the concentration of substrate decomposed and a-—z, the con- 
centration of the substrate present after ¢ minutes. It was found 
that the unimolecular course of the reaction persists until 40—50 % 
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of the amount of maltose, formed on-complete hydrolysis of the sub- 
strate, is present; on further hydrolysis, the rate of the reaction 
diminishes, The activity is given in terms of velocity conatant'k, and 
the activity unit (Sf) in terms of Euler's units. - 

Dialysis.—100 G. of powdered sweet potato meal was treated 
with 400 в. c. of ‘distilled water in presence of toluene for about 16 
hours at the laboratory temperature (28—80°). It was then filtered, 
centrifuged, and dialysed in collodion tubes against distilled water 
containing toluene which was renewed twice every day. Hach 
eollodion tube contained 20 с; с. of the enzyme extract. At definite 
intervals of time one tube was taken out, centrifuged, and finally 
diluted to 100 в. с. The activity of this diluted enzyme solution was 
then determined. : | 

The values thus obtained were compared with those for specimens 
of the original enzyme extract which had beén left undialysed. It 
was, found, however, that the activity of the undialysed enzyme re- 
mained practically unaltered during the experimental period. - 

For each trial, the reaction mixture contained 75 о.о, of 2 % 
soluble starch, 20 c.c. of acetate buffer adjusted to p, 6°0 and 
5 с.с. of enzyme solution. The temperature was 80° + O'1*. 
The results have been given in Table I. | 


TABLB I. 
Dialysis. 
Dialysed for. Dry wt. enzyme Activity . Activity unit . 
soln. (g./Ó o.o.). k x 104. В; (80°). 
| 0 hr. 0:049 88-1 0"986 
18 0:0050 683 1'888 
40 -00086 418 o o 1:84 
80 — (0081 9296 | 1-11 
120 00008 = - 1478 0:684 


The results show that the activity per unit weight of dry substance 
of the enzyme (Bf) increases after 16 to 40 hours of dialysis to nearly 
seven times. Dialysis can, therefore, be very effectively used as one 
of the methods for the purification of the enzyme. 


These observations correspond to those of Euler and Svanberg 
IKZ. physiol. Chem., 1921, 119, 103) and Holmberg, (ibid., 1924, 184, 
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68).who used dialysis for the purification of malt and liver amlyases 
respectively, and obtained products of greatly increased activity. 

Influence of hydrogen ton concentration on the activity of the 
amylase.—Flasks containing 75 o. с. of 2 96 soluble starch, 20 с. е. 
of buffer of varying hydrogen ion concentrations were kept in a ther- 
mostat at 35° + 01°. When the reaction mixture had attained the 
temperature of the thermostat, б с. c. of the enzyme solution (0'1 %) 
were added, and the activity measured. The results are given in 
Table II. 


TABLE II. 
Starch cone. =1'5%. Enzyme conc. =0`0005%. 


рн Via 80 71 65 62 60 55 58 48 46 42 80 
paper] єз 25:8 584 8291 9083 14 114 069914767 52 957 
x 164 


It may be seen from the results that sweet potato amylase acts 
best in the region of рь 5'6 —6‘0. 

Influence of temperature on the activity of the amylase .—The 
reaction mixture consisting of 76 с.с. of 2 % soluble starch, 29 o. с. 
of buffer of p 6'0 and бе. о. of the enzyme solution (0'1 96) 
was maintained et temperatures of 20°, 80°, 85°, 40°, 50°, 55°, 60° 
and 70° in a thermostat and the activities measured. The results are 
presented in Table IIT. 


Тавів ТП, 
Starch сопс, —1'596. Enzyme conc.=0°005%. ри =6'0. 


Temp. ... 20 80 85 40 45 5 5 60 т 
Activity kx 104 ... 894 70'7 99% 117 184 150 171 125 %9 


The results show that the temperature optimum for sweet potato 
amylase lies in the region of 50°—55°. Comparing this with the 
optimum for other amylases it may be noted that it is 45° for 
salivary amylase (Oppenheimer, ''Die Fermente und ihre wirkun- 
gen," Leipzig, 1908; Konig, Biochem. Z., 1908, 10, 211), 85° for 
pancreatic amylase (Vermon, J. Physiol., 1901-02, 27, 174), 40° for 
potato amylase (Biochem. Z., 1914, 67, 166) and between 50 and 66° 
for amylases of germinated grains (Ето, Compt, rend. Вос. Biol., 


5 
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999!" 86, 974; Patwardhan, J.- Ind, Inst. Soi., 1999, 12А, 185; 
Karmarkar and Patwardhan, ibid., 1980, 18A, 169). It may be 
inferfed, therefore, that. potato amylase resembles animal amylases 
with’ regard to its temperature optimum, while the sweet potato 
amylasé corresponds to cereal amylases. 


| | Effect of temperature on the stability of aweet potato 'amylase.— 
Ina previous communication on the heat inactivation of pancreatic 
amylase (Giri, J. Ind. Inst. Bci., 1988, 18A, 117) it ‘was 
stated that the process of heat ineativution follows & monomole- 
cular course. The rate of inactivation of pancreatic amylase is 
minimum at a рь 6'5 to 7'0 in the neighbourhood of the optimum 
reaction for the enzyme. Since the inactivation of enzymes by heat 
has а large temperature coefficient, if is possible that inactivation 
can take place at ordinary laboratory temperatures at slower 
rates. Thus, ib was observed (Giri and Subrahmanyan, ibid., 
1982, 18A, 107) that vegetable amylases in aqueous solution lose 
their activity on ageing, and that they are most stable when main- 
tained at their optimum рь. 


_. The following experiments were carried out in order to investigate 
the possibility of such inactivation (vide, Tables IVa and IVb). 

РН (а). Effect of temperature.—10 О.в. of buffer mixtures (рп 6°0) 
were kept іп a thermostat at 50°, and when the temperature equili- 
Бенно was attained, 10 с.с. of 0'2% solution of the enzyme were 
added to each tube. At definite intervals of time б о.о. ofthe , 
enzyme solution were pipetted out and the activity estimated at 80° 
and py 6'0. In asimilar manner the inactivation of 0'1% amylase 
solution was carried at 60° and 65°. At higher temperatures the 
enzyme'is very rapidly inactivated, so that the course of the reaction 
is difficult to follow. Simultaneously the activity of the enzyme 
solution of the same concentration which was kept at. the room 
temperature (28°) was also determined. The: experimental resulta 
‚ аге given in Table IVa. 


; From these experiments the. value for the inactivation coefficient 
+, ів. дара from the equation | 


x "т ^ E A ES 
“st В 1 x E А ^ 
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where k, is the’ reaction constant of the enzyme which is not 
. destroyed, and k, is the reaction constant of the same enzyme 
-which has been weakened in activity as the result of heating for 
t minutes. 


TABLE IV a. 
| : Activity at 80" of tha 
Time of inacti- amylase not des- 1 k : 
Temp. vation. troyed by inaotiva- ХК, = —]log —. ky, mean 
tion k x 104. t К, 
50* 80 min. 68'9 
60 68:9 
60* 10 62°8 0°00396 
80 62:6 000888 "00363 
60 ' 489 — 0-00895 
65° 10 24*9 00220 
80 14'8 0`0827 "0216 
60 4'7 00200 
Control | 68'8 


The results indicate that the process of heat inactivation of sweet 
potato amylase follows a monomolecular course. The enzyme is 
able: to withstand increased temperature up to 50°. At 60° the loss 
in activity is under 60%, but at 65° ib is about 80 % of the initial 
activity. — | 

The destructive temperature of enzymes has been defined by 
Euler (‘‘Chemie der Enzyme,” 2nd Ed., 1922, p. 814) as that at 
which the activity of the enzyme is reduced 50% in 1 hour at the 
optimum py. The destructive temperature of sweet potato amylase 
lies therefore between 60° and 65°. Malt amylase is destroyed in 
one hour at 60° апа its destructive temperature les at 54°.56° 
(Ernstróm, Z. physiol. Chem., 1922, 119, 190). Other plant amylases 
are more sensitive to temperature. Thus phaseolus amylase has its 
. destructive temperature at 45° (Sjoberg, Biochem. Z., 1928, 142; 274) 
and Doby (loc. cit.) found the destructive temperature of potato 
. amylase to lie at 45°. Animal amylases are inactivated even at 
‘ ordinary laboratory temperatures (Giri, loc. ctt.). | | 


946 К. V. GIhI 


Sweet potato amylase differs therefore from animal amylases and 
potato amylase but it resembles cereal amylases in its heat stability. 
The amylase can, іп fact, withstand higher temperatures that malt 
amylase. 

(b) The effect of hydrogen ion concentration on the inactivation 
of the amylase.—Acetate buffer mixtures (10 с.с.) of differant hydro- 
gen-ion concentrations were prepared and placed in a thermostat at 
60°; When the temperature equilibrium were attained, 10 o.c. of 
0:295 solution of the amylase was added into each test tube. One 
hour after the addition of the amylase, 6 o.c. samples were taken 
out and tran sferred to the reaction mixture containing 75 e.c. of 2% 
soluble strach and 20 c.c. of buffer of pa: 6'0. The activities were 
determined at 30° and are given in Table IVb. 


TABLE IV b. 
рп a 6'8 6'0 5'4 4'6 


Activity of the amylase after heating | 
at 60° for 60’ (kx101) de 20°5 88'9 394 4°7 


Activity of the amylase without 
heating . és -— € T 790 


The above experiments show that the stability of sweet potato 
amylase is greatest in the region of рь, 5'4 and 6'0 which is also 
the optimum range of рь for activity. Thus the optima for activity 
and stability are found to be at the same range of рн. A similar 
observation was made on the ageing of amylases in aqueous 
solutions (Giri and Subrahmanyan, loc. cit). Working on the 
heat inactivation of pancreatic amylase, Giri (loc. cit.) found that 
the rate of inactivation is minimum at p 6'5 to 7:0, in the 
neighbourhood of the optimum reaction.for the enzyme. Com- 
paring these with the observations of other workers, it may be noted 
that Liters and Lorinzer (Biochem. Z., 1982, 188, 487) found that 
the activity optimum and stability optimum for malt amylase was 
in the same range of hydrogen-ion concentration. Contrary to the 
observations of foregoing investigators Ernstróm (Z. physiol. Chem., 
1922, 119, 190) found the stability optimum аё а higher p, than the 
activity-optimum. In the case of ptyalin, Ernstróm found the 
stability optimum at pr 6'0, i. e., to the acid side of the optimum 
Рк for activity. This divergence can be easily explained in the 
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light of investigations of Michaelis and hia co-workers (Biochem. Z., 
1011, 85, 886; 1914, 59, 77) who have shown that the activity-p, curves 
for ptyalin vary according to the presence and nature of the neutral 
salts employed, and that these changes have been explained by the 
assumption of the formation of different amylase electrolyte com- 
plexes having different dissociation constants. The experiments of 
Ernstróm on the determination of stability optimum рь and activity 
optimum p, were not-carried out at the same salt concentration, 
because sodium chloride w&s not added in the inactivation ехреп- 
ment, though the optimum -Pu was determined in presence of the 
salt. Furthermore Myrback (Z. physiol. Chem., 1926, 189, 1) has 
shown that the activity optimum of ptyalin lies at рь 6'0 for NaCl. 
free ptyalin, and the stability optimum also lies at рь 6:0 according 
to Ernstrim. Во, ib can be definitely said that the stability opti- 
mum and activity optimum lie at the same range of pu for ptyalin, 
-pancreatic amylase, malt amylase and sweet potato amylase. 

Distribution of amylase in sweet potato.—The tuber was divided 
into the following portions.—(a) the outermost portion (represent- 
ing & layer of about 1 om. thickness from the surface); (b) the 
middle portion (representing the next immediate layer of about 
1 ст. thickness); and (c) the innermost portion (representing the 
remaining part of the tuber, the core). 

These different parts were chopped, dried in the sun and powder- 
ed. The enzyme-was extracted from 6 g. of the powdered meal with 
20 с.с. of water for 12 hours, filtered and centrifuged. The activities 
of these extracts (diluted 10 times) were then determined. The 
results are presented in Table V. 


r 


TABLE V. 


-` 76 С.о. of 2% soluble starch; 20 c.c. of buffer of p, 6'0, б в.в. 
of the enzyme solution. (Total conc. of starch =15% and the 
total volume=100 o.c.). 


Drying./boo. = Activity 
of the enzyme kx 104. 
solution. * 
(a) “Activity of the amylase ` | 
in the outermost portion 0°0249 18'7 
(b) Activity of the amylase | 
in the middle portion ’ 0°0285 40'1 


E Activity of the amylase — 
-in the innermost portion O°0289 =~ . 094 
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The same е experiment was repeated with the juice expressed | from. 
different portions of the same tuber. The results thus obtained were 
similar to those of the previous experiment. The results thus show 
that amylolytic activity increases as we pass from the skin to the 
interior and that “the innermost portion has more than thrice the 
activity of the outermost portion. | 

The nature of sweet potato amylase,—According to Ohlsson 
and his co-workers (Compt. rend. Soc. Biol, 1922, 87, 1188; 
‘and Compt. rend. Trav. Lab. Oorlsberb., 1926, No. 7,16; Nordh 
and Ohlsson, Z. physiol. Chem., 1981-82, 204. 89 ; Ohlsson and 
Uddenberg, ibid., 1988, 221, 165 ; Ohlsson and Edfeldt, ibid., 
1988, 221, 174) malt amylases of cereals consist of an а-ог dextrinogen- 
amylase and of a В- ог saccharogen-amylase, these being diferentia- 
ted by studies of mutarotation as well as the relative hydrolysis as 
determined by changes iu the iodine coloration and the reducing 
action. Nordh and Ohlsson (loo. cit.) and Myrback and Myrback 
(Woch. Brau., 1982, A9," 246) have shown that ungerminated barley 
contains mostly only B-amylase whilst after germination considerable 
amounts of a-amylase is formed. Contrary to Nordh and Ohlsson's 
view, Waldschmidt Leitz, Reichel and Purr (Naturwiss., 1982, 20, 254) 
have come to the conclusion that ungerminated ` barley contains 
both a-and f-amylases, but that the amylase is present in inactive 
form and requires amylokinase for activation. This kinase is develop- 
ed during germination. Borchardt and Pringsheim (loc. cit.) work. 
ing on the amylase, prepared from the press juice of the ground 
potato wuich was deproteinized with colloidal ferric hydroxide, 
have shown that the potato amylase apparently occupies an inter- 
mediate position between the ,malt amylase particularly rich in 6- 
amylase and the taka amylase which is pure a-amylase, as it contains 
less f-than a-amylase. Willstiitter and Rohdewald (Z. physiol. 
Chem., 1988, 221, 18) have shown that the amylases of leucóoytes are 
dextrinogenic in character, thereby resembling pancreatic amylase 
and differing from malt amylase., The foregoing observations bring 
out a distinct difference between animal and vegetable amylases, the 
former belonging to the class of a-amylases and the latter to that of 
B-amyleses. According to Pringsheim, however, potato LA 
falls midway between the two main classes. 

The following experiments were, therefore, ВЕ with а view ' 
to throwing light on the nature of sweet potato amylase and to 
compare it with that of barley malt amylase., Amylase from barley 
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malt was prepared by extracting powdered malt (200 в.) with 800 
с. с. of water for 24 hours in presence of toluene and finally filtered 
and centrifuged. То 400 с. с. of the filtrate 1600, o. в. of 95 % 
alcohol was slowly added with stirring and the precipitate allowed to 
settle during 6-8 hours when the alcohol was syphoned off, the rest 
of the liquid then centrifuged, and the sediment thus obtained 
washed and dehydrated with absolute alcohol and ether and finally 
dried in a desiccator over anhydrous calcium chloride. | 

Solutions (0`1 №) of the two amylases were prepared and the 
activities of the saccharogenic (8), and dextrinogenic components 
measured. | 

The activity of the sascharogen amylase (S) was determined as 
follows. 25 с. о. of 2% soluble starch was placed in a flask 
together with 10 с. с. of buffer solution (1/5M-acetic acid—acetate 
mixture). The flask was placed in a thermostat at 88°. When the 
solution had attained the temperature of the water, б с, о. of the 
enzyme solution were added. After 80 minutes, 10 o. c. were re- 
moved and the reducing value determined and expressed as mg. of 
maltose. The hydrogen-ion concentration of the reaction mixture 
was adjusted to py, 4'6 for barley malt amylase, and p, 6°0 for 
sweet potato amylase. 

The activity of the dextrinogen amylase (X and Y) was deter- 
mined according to Ohlsson (loc. ctt.). The results are presented in 
Table VI. 


Taste VI. 
Activity of Activity of 
saccharogen amylase, dextrinogen amylase. 
(8) (X) (X) 
Sweet potato amylase 59 0 12 
Barley malt amylase 68 94 190 


The above figures show that sweet potato amylase is mainly a 
saccharogen amlyase or f-amylase. Thus it differs from potato 
amylase and resembles barley amylase. 


SUMMARY, 


1. An active diastatic enzyme is present in sweet potato. 
2. The enzyme can be prepared from the water extract of the 
dried meal followed by precipitation with alcohol. The preparation can 
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be further purified by dialysis as the reault of which the activity is 
increased nearly seven times. - 

8. The optimum hydrogen ion concentration for the enzyme lies 
between ру, 5'6 —6^0. 

4. The optimum temperature lies between 50° and 55°. 

5. The process of heat inactivation of the amylase is found to 
follow в unimolecular course. The enzyme is most stable in the 
region of py 5'4 and 6 0, which is also the optimum range of p for 
activity. . > 

6. The inner portion of the tuber possesses greater amylolytic 
activity than the layers near the surface. 

7. The amylase is mainly а saccharogen amylase or B-amylase. 

8. It resembles cereal amylases and differs from potato amylase 
as algo similar enzymes of animal origin in all ita characteristics. 

The author’s thanks are due to Dr. V. Subrahmanyan, D.8c., 
F.I.O., for his keen interest in the work and suggestive criticism. 
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Halogenation. Part IX. Bromination of Pseudocumene. 
By Рногрко ЗАНАҮ VARMA 4 AND DHIRENDRA NATH SEN-GUPTA. 


" в Ву the action of boris on pseudooumene in the cold nuclear 
substituted bromo derivatives and in sunlight in the cold a light oil 
and on heating to 160° pseudocumene dibromide and pseudocumene 
tribromide have been obtained (Beilstein, Annalen, 1866, 187, 
323; Fittig, Annalen, 1869, 181, 207; Schram, Ber., 1886, .9, 217; 
Jacobsen, Ber., 1888, 94, 2822; Hjelt and. Gadd, Ber., 1886, 19, 868). 

We have нше їп sunlight either pseudocumene monobro- 
mide alone or a mixture of monobromide, dibromide and tribro- 
mide of pseudocumene depending on the conditions of the experi- 
ment. By brominating 5-bromopseudocumene in sunlight, only 
nuclear substituted derivatives of pseudocumene have been obtained. 
At the boiling temperature of pseudocumene in, the diffused day 
light, only monobromide is obtained even when there is a consider- 
able excess of bromine present. Comparatively good yields of 
the nuclear substituted bromo derivatives of pseudocumene are 
obtained, if bromination is carried on in presence of strong or fuming 
sulphuric acid or strong or fuming nitric acid or & mixture of nitro- 
sulphonic and fuming nitric acids. 


EXPERIMENTAL. 


A mixture of pseudocumene (10 о.о.) and bromine (4-5 с.с.) was 
exposed to sunlight for about 3 hours. The reaction product was 
then heated further for 2 hours on a water-bath under reflux. The 
product was first washed thrice with 1% solution of sodium carbonate, 
then with water, dried over anhydrous calcium chloride and distilled 
at 152-56? /80 mm, yield 5*1 р. It is an oily lachrymatory substance. 
It darkens in colour on standing and becomes almost black after a 
few days. It decomposes on boiling at the ordinary pressure. 
(Found: Br, 41°2, C,H, (Мезон Вг requires Br, 40°2 per cent). 


б 
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If exposure to sunlight was followed by heating on a water-bath, 
only monobromide was obtained whereas if it was followed by heating 
оп а paraffiin-bath to about the boiling point of pseudocumene, а 
mixture of mono-, di-, and tribromide was obtained, their relative 
proportions increasing by using bromine (8 to 6 o.o.). 

Working in the same way with 5-bromopseudocumene in sun- 
light, followed by heating for about 8 hours on a water or & parafin- 
bath only di- and trinuclear substituted bromo derivatives in fairly 
good yields were obtained. 

If strong or fuming sulphuric acid or strong or fuming nitric acid 
or a mixture of nitrosulphonic and fuming nitric acid was added little 
at a time to а mixture of pseudocumene and bromine and the pro- 
ducts formed examined after 8-4 hours, much better yield of the 
nuclear substituted bromo derivatives was obtained. The best yield 
(8-bromopseudocumene, 4'8:g ; 5-bromopseudocumene, 2'8 g.; 5:6- 
dibromopseudocumene, 1°2¢; and  8:5:8-tribromopseudocumene 
2.9 g., from 10 о.о. of pseudocumene) was, however, obtained when 
bromination was carried on in presence of a mixture of nitrosulphonio 
and fuming nitric acids 09 c.c.) 


И 
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Extension of Michael's Reaction. Part IV. 
By TEJENDRA МАТН GHOSH AND PRAPHULLA CHANDRA Guna. 


In previous parts of this series (Ghosh and Guha, J. Indian 
Chem. Soc., 1980, 7, 268) the action of mustard oils and tsocyanates 
has been studied upon various types of compounds containing one 
active: methylene group. 16 seemed desirable to extend this type of 
condensation with ‘compounds ‘containing more than one active 
methylene group. Acetone dicarboxylic ester, in which there are 
two active’ methylene groups, was expected to yield compounds of 
the type I and П respectively with one or two molecules of 
mustard oils or isocyanates. ' 


La " GH(CO,Ht)CO'NHPh- — = CH(CO,Et)‘CO‘NHPh 
ос, < 
НСО Е% CH(CO,Et)‘CO’NHPh 
я o (LT) 

Ап unsuccessful attempt to effect ring-closure of thiocarbethoxy- 
acetoacetyl carbamio ester with the aid of sodium ethoxide for 
pyridine ‘ring synthesis has been recorded by Ghosh and Guha 
(J. Ind. Inst. Sci., 1988, 16А, 108). The second. object in undertaking 
the present investigation was to see whether arylcarbamylacetone 
dicarboxylic ester (type Т) in presence of suitable на closing agents’ 
sould be converted into a pyridine compound. Qm. 


" р: ~ ” 
t ee 0 1. аа ' е 


Ы ы е 
у О. : “8 ' - 4 


CH(C0,Et)—00 aie aN 
Ө NPh Е 
Н.——— 00 


Мерет a 1 
0 . 
* 
r4 


^ ^^ N 
Bthylacetone dicarboxylate in presence of sodiunr @ or'2 atoms) 
‘reacts with thiocarbimides (1 or 2 mols.) to give instead of the expeo- 
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ted thio analogues of compounds (Т), (IT) or (III), а thiopyran com- 
pound (IV) according to the following scheme: 


CH g—CO,EHt 9Na H5—COgEHt 
ос — о 
CH,—CO,Rt BNOS CH(CO,Ht )—O8—NHR 
(Ia) d ee 
CH4————-C 
. COC - с 28 
| CH(CO,Et)——C : NR 


The compound (Та), which is evidently formed as the first product 
in this reaction, possesses such a great tendency towards ring forma- 
tion that its isolation was not possible.- That the ring-closed com- 
pound possesses the formula (IV) and ів nót the pyridine derivative 
of type (III) is proved by the facts that (a) it is not endowed with 
any mercaptanic properties, (b) 1$ cannot be desulphurised by. mer- 
curie oxide treatment proving thereby the -presence of the sulphur 
atom as a member of the ring (ef. Busch and Wolpert, Ber., 1901, 
84, 804; Guha, J, Amer; Chem. Soc., 1922, 44, 1502), (о) it gives on 
ipm ihe ан И Je 


OH ee. “о 
о »s Е 
CH4— — —Ó:NR 

(V) 


Р > = # + = 
Ы ~ - г - - e Р r t = n 
> T 


ta 
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The compound (IV) reacts. with benzeldehyde to yield & comi 
pound which сап be represented by either óf the. fwo ‘following 
formule (УТ or; VIa). In view of the fact that the original comi- 
pound (IV) gives в disodium derivative whereas the benzaldehyde 
compound does not form any sodium salt; -the ` formula: (VIa) is 
rejected in preference to the bridged formula (VI), enolisation of (VI) 
into (VIb) and (VIc) being against Bredt’s law (Annalen, 1924, 
437, 1). 


„онга 
ОН о OMNE 
lp" A "C 8 


o. Suv ME us ог (Visa). 
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00 y: GO" 
со PCHPh > | буша y» 
С (VI) 


This reaction affords a new and convenient method for the 
synthesis of thiopyran rings. 

Ethylacetone dicarboxylate reacts with phenyl isocyanate to give 
the expected diphenylearbamyl derivative (VII) which shows no 
tendency towards ring formation, this difference is evidently due to 
the thiocarbamy] groupings possessing greater “рау for ring 
formation. 


,CH(COsEt)‘CO‘NHPh 
OC > 
| CH(COgEt)'CO-NHPh 
The compound (VII) containing as it does’ two active” ‘hydrogen 
atoms react réadily with aldehyde to-form the transient’ ‘intermediate 
product (ҮШ) which gives with the elimination of alcohol 'а tricyclic 


compound (IX) or (IXa) depending on whether the elimination of 
alcohol takes place according to X or Y. 


(A BUB ROHO o аы ЫШ CO'NHPh 
CH(CO,Et)'CO’NHPh “Sa 'CO'NHPh 


e (mm) 
Et0,C | CO'NHPh FT n 
У Р E Jat. = 
NEUE Lc M эы " со 
02. of mm. вони AO 
: " ООР CO0—C—-—— C0 
buen T. их | ; | - | E f А . 
- PhNH-:CO > СО, Е Й | - (IX) Pes 


ry 
+ 


(VII) 
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ЕОС CO'NHPh |». NPh 

V4 м, 

C O0 OO 

(Y) SN NA 
OC СНВ —RtOH C 

“и - mem SN 

Оо > OC СНЕ 

YN \4 
EtO,C CO'NHPh | С 

pir a i | ASN 

(VIII) | ос 00 

NPh 

(IXa) 


+. 


The formula (IX) is preferred because a compound having a 
structure like (I Xa), a combination of three four-membered spiro-rings, 
cannot be expected to be'so stable. In accordance with the valency 
deflexion theory of Thorpe and Ingold (J. Chem Soc., 1915, 
107, 1080) the formation of the cyclobutane ring in compound 
(VIII) is attended with a widening of the angles а and В between 
А-В and O—D respectively as the result of which the groupings 
‘А and С’ and ‘В and D’ come closer together and thus the 
elimination of alcohol takes place between ‘A and C’ and between 
“В and р’. 


а. ae * 


А, D= COS Et 
B, OzOO'NHPh 


The. disodium derivative of ethylmethylene dimalonate reacts 
with phenyl isocyanate to yield the ring compound (X) and not the 
open-ohain diphenylearbamylmethylene dimslonie ester (Ха) as 
expected by analogy with compound (VII). This difference is perhaps 
due to the influence exerted by two pairs of carbethoxy groups in com- 
pound (Xa), bringing the two phenylearbamyl groupings in closer 
proximity. 
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O(CO,Bt),'CO-NHPh -EOE ,0(00,80,-00, ^ 
< ——н.о< Sy 


C(CO,Et),‘CO'NHPh C( CO4E5) p" 


O'NHPh 
(Xa) (X) 


The compound (X) is acidic in nature forming monosodium salt. On 
mild hydrolysis it yields the compound (XT). 


CH(CO,H)—O 
H,0( NPh 
C(CO4H)——CO 
QO-NHPh 
(XT) 


Ethyl ketipinate was allowed to react with phenyl isocyanate with 
the hope that the resulting product will react with aldehydes to yield 
a compound of the above type (IX). The reaction product could 
not, however, be obtained in & pure form. 

The disodium derivative of ethyl 2:6-diketo-4:4-dimethylcyclo- 
hexane-8 :6-dicarboxylate did not reach with phenyl isocyanate; the 
ester was recovered unchanged from the reaction product, 

It is worth while mentioning in this connection that an attempt 
was made to synthesise pyridine derivatives by condensing cinnamyl- 
ideneacrylic ester with phenyl isocyanate following the method of 
Diels (Annalen, 1925, 448, 242; 1028, 460, 08; 1029, 470, 62), but the 
condensation, though tried under varying conditions of experiment, 
did not take place. 


PhCH-CH-CH- CH —00,8t i a CH-— CH:CO,Et 
+ — | | 
CO=NPh . QO— — — ——NPh 


EXPERIMENTAL, 


Ethyl 2-phenyliminothiopyran-4 :6-dione-B-carbozylate (IV, R= 
Ph).—fSodium (2'8 в.) was gradually added to a solution of ethyl- 
acetone diearboxylabe,(10'2 в.) in absolute ether (200 е. е.), The 
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evolution of hydrogen ceased after about В hours. The mixture 
after’ the addition of phenylmustard oil (7 g.) was allowed to stand 
overnight. ' The separated reddish brown precipitate was dissolved 
in water and acidified with dilute hydrochloric acid, when a brownish 
semi-solid mass was obtained which orystallised from benzene in 
` colourless rectangular plates, m. p. 128-29° (decomp.), yield 8 g. 
[Found: М, 471; В, 11:04; M. W. (by titration), 208. O,,H4540,NB 
requires №, 4 81; 8, 10°99 per cent. M. W., 291]. It has been found 
by titration viti standard caustic soda solution that it forms a 
disodium salt. It does not give any disulphide and is not deaul- 
phurised by oxide of mercury. 


The same compound (IV) was obtained when phenylmusterd oil 
(2 mols.) was allowed to react with ее dicarboxylate 
(1 mol.). Ў 


Ethyl 2-o-tolyliminothiopyran-4 :6-dions-8-carboxylate (IV, R= 
o-tolyl) crystallised from benzene in colourless rectangular plates, 
m. p. 150° (decomp.). (Found: В, 10:82. C,,H,,0,NS requires 
8, 10:49 per cent). ИШ 2 s m 

Ethyl- 3-p-tolyliminothiopyran-4 : 6-dione-8-carbozylate (IV, В= 
p-tolyl) was crystallised from benzene in colourless rectangular plates, 
m.p. 145° (decomp. ). (Ponad, Б, 10:88. C15 H1,0488. теше 
8, 10°49 per cent). й 

2-o-Tolylimino-A : 6-dione- thiopyran (V, R—o-tolyl).— 46. of ihe 
compound (IV, R=o-tolyl) were heated under reflux with alcoholic 
potash (12%) for 8 hours and then diluted with water. The 
cooled solution, on acidification, gave a solid which crystallised from 
dilute acetic acid in brownish - white rectangular plates, m.p. 210° 
(decomp.). yield 2 g. (Found: S, 14°01. C,gH,,0,N8 requires В. 
18:78 per cent). It is readily soluble in dilute alkali and oan 
be precipitated by Beide It does not pondo any mercaptanic 
properties. = zs 

2-p-Tolylimino-4 :6-dione-thiopyran (V, В=р- tolyl) was crystal- 
lised from dilute acetic acid in brownish white rectangular plates, 
m.p. 214-15° (decomp.). (Found: В, 18°97. ©, gH,,0,NS requires 
S, 18°78 per cent). 

2-Phenylimino-4 :6-dione-thiopyran-8 : b-benaylidene -8-carbozylate 
(VI, R—phenyl).—An acetic acid solution of the compound (IV, R= 
phenyl; 8 g.) and benzaldehyde (1`2 g.) were heated under reflux- 
for about $n hour. Qn cooling, a yellow mass came. out which | 
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crystallised from acetic acid ‘in yellowish white rectangular plates, 
m.p. 274-76°, yield 2:6 в. (Found: 8, 8°65. Cg1H,;0,N8- requires 
S, 8'44 per cent). -It is insoluble in alcohol, ether and alkali. The 
monosemicarbazone was obtained as a brownish white crystalline 
powder by heating the above compound with excess of semicarbazide 
acetate in dilute acetic acid solution, m.p. above 290°, (Found : 
М, 12° 68. CogHo.0,N,8 requires N, 12°84 per cent). 


2-p- Tolylimino- 4: 6-dione- thiopyran-8 : 5- benaylidene- 8-carboxylate 
(VI, R=p-tolyl) was crystallised from acetic acid in yellowish white 
rectangular plates, m.p. above 280°. (Found: 8, 7°86. Cg H1504, NB 
requires B, 8°14 per cent). It is insoluble in alkali. 


Ethyl aa/-phenylcarbamylaoetone dicarbozylate | (VIT).—Bodium 
(2'8 р.) was gradually added to a solution of ethylacetone dicarboxy 
late (10°2 g.) in absolute ether (200 с с.). After the evolution of hy- 
drogen was over, Phenyl isocyanate (12 р.) was added to the solution 
when at once the reaction began with evolution of heat. 'The precipi- 
tate was filtered overnight, dissolved in water and acidified with 
dilute hydrochloric acid and the separated solid crystallised from 
glacial acetié acid in colourless rectangular plates, m. p. 188-89°, 
yield 15 g. (Found: N, 6°86. .055H5,0;,Ng requires- №, 6:86 per 
cent). It is readily soluble in dilute alkali and is precipitated by 
acids. When № was heated with acetic anhydride for about an hour 
a clear solution was obtained which, on treatment with sodium 
carbonate solution, yielded a tarry-mass. This yielded & very emall 
quantity of в colourless crystalline product (m.p. sear on being 
digested with ether. 


Action of benzaldehyde upon compound (VIT): Formation of com- 
pound’ (XI) (R=Ph).—To в boiling acetic acid solution of the 
compound (VII, 4°4 р:), benzaldehyde (1'1 g.) was added, the reaction 
starting at once with evolution of heat. The separated orange yellow 
orystalline mass crystallised from large quantity of glacial acetic acid 
in beautiful orange yellow needles, m.p. 247-48°(decomp.), yield 8°5 в. 
(Found: С, 71:80 ; Н, 4°00 ; М, 6:58. O4 4H, ,04N, requires C,71:56 ; 
Н, 8-67 ; М, 6-49 per бё, Ib is insoluble in alcohol, benzene аа 
alkali. | 

The monosemicarbasone was obtained in the usual manner and 
was crystallised from dilute acetic acid in brownish white rectangular 
plates, m.p. 214-15? (decomp.). (Found: -N, 18°77. Cg7H,,0,N, 
requires N, 14°19 per cent). Р vox 


1 


960 _ T. N.-GHOSH .AND Р, 0. GUHA --, 


Action of o-nitrobenzaldehyde upon compound (VII): Formation, 
of compound (IX) (R=o-nitropheny!).—The method of procedure „yas 
the same as in the case of the above compound. "The product crystal- 
liged from large quantity of glacial acetic acid in beautiful. oranga 
yellow needles, m.p. 199-400? (decomp.). (Found: М, 8:86. СозН., в- 
О; № requires N, 8°78 per cent). It is insoluble in alkali. К 

a-Phenyloarbamido-aa'a! -tricarbethoay-N-phenylglutarimide (X) was 
obtained from -ethylmethylene dimalonate and phenyl isocynate 
exactly in the same manner as in the case of the compound 
(VID. The precipitate obtained from the reaction product by filtration 
next day was partly soluble in cold water ; the insoluble portion, on 
orystallisation, was proved to be diphenylurea. The aqueous solution, 
om acidification with dilute hydrochloric acid, yielded- a white 
precipitate which crystallised from aleohol in beautiful colourless 
shining © needles, m.p. 128-24°. [Found: М, 514; M.W. (by 
titration), 592. C$; H540$ Na requires М, 5°34 per cent. M.W., 524]. 
It forms monosodium salt with alkali but is АВ in sodium 
carbonate. 

Hydrolysis of the compound (X) : Formaticn of ЖООК ОЛЕ, 
aal- dicarbozy-N-phenylglutarimide (XI). — А solution of the compound 
(X) (4g.) in N-alkali was kept at ordinary temperature for 24 hours 
and then heated on the water-bath for about half an hour, cooled and 
acidified with dilute hydrochloric acid when a white precipitate came 
down. ‘It was purified by precipitation by acid from its solution in 
sodium bicarbonate. It crystallised from dilute alcohol in colourless 
plates, m.p. 180° (decomp.), yield 1°5 g. (Found: N, 7° 18. Сео H46- 
O-N; requires М, 7'07 per cent). 

Action of phenyl isocyanate upon kélipinio ester.—To ап ethereal 
suspension of the disodium derivative of ketipini¢ ester (prepared 
according to the method of Wislicenus, Bér., 1887, 20, 589) phényl 
isocyanate (2 mols.) was added. The reaction mixture, after being 
allowed to stand overnight, was poured into cold water. The ethereal 
layer, on evaporation, yielded a white solid which after crystallisation 
was identified to be diphenylurea. Тһе aqueous layer, on acidifica- 
tion, yielded а very small quantity-of а reddish brown BEY mass 
which could not be purified. 

- Action of phenyl isocyanate on ethyl 2 : 6-diketo-4 4 dimetkyloytlo- 
hexane-8 :5-dicarborylate.—The method of procedure was the same 
as in the previous case. The ethereal layer yielded diphenylurea 
and the aqueous layer, on acidification, the original ester, al 
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SUMMARY. 


1. A thiopyran derivative, obtained by condensing ethylacetone di- 
carboxylate (1 mol.) with thioearbimides (1 mol.) reacts with alde- 
hydes to give bridged compounds, 

2. Ethyl ac’-phenylcarbamylacetone dicarboxylate obtained from 
ethylacetone dicarboxylate (1 mol.) and phenyl isocyanate (2 mols.) 
reacts with aldehydes to give tricyclic compounds. 

8. Hthylmethylene dimalonate (1 mol.) reacts with phenyl iso- 
cyanate (2 mols.) to give «-phenylcarbamido-ao/a’-tricarbothoxy-N- 
phenylglutarimide. 
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Studies in Heterocyolio Compounds. Part III. 


By Ачоког CHANDRA Втводв AND Sustarr CHANDRA SEN. 


The. present investigation, which is a continuation of the work 
of Sircar and De (J. Indian Chem. Soc., 1926, 2, 812) and Bircar and 
Pal (ibid., 1982, 9, 527) was undertaken with the object of studying 
how the reactivity of the amino and hydroxy groups ‘in o-amino- 
phenol is influenced by the introduetion of some compact 
heterocyclic nucleus in its molecule and also how in compounds 
containing two dissimilar heterocyclic rings in their molecules the 
properties of the different heterocyclic nuclei are affected by each 
other.. 

-2-Hydroxy-3-aminophenazine (Ullmann and Mauthner, Ber., 1902 
88, 4805) has been chosen as the starting material and it has been 
found that unlike o-aminophenol, it is not so well adapted for the 
formation of heterocyclic compounds ; evidently the already existing 
azine ringin the molecule strongly militates against the reacti- 
vity of the ortho-amino and hydroxy groups. Thus the mono- 
acetyl derivative of 2 ; 8-aminohydroxyphenazine could not be made 
to eliminate a further molecule of water andclose the ring through 
the free hydroxy! group. Attempts to prepare an oxazole derivative 
by heating the aminohydroxyphenazine either with glacial acetic 
acid in presence of sodium acetate or with acetic anhydride under. 
reflux:even for 10 hours, were unsuccessful. The desired oxazole for- 
mation could only be effected by heating the aminohydroxyphena- 
zine with acetic anhydride under pressure іп a sealed tube at 220-80° 
for aboub 24 hours, whilst in case of o-aminophenol, the oxazole. 
formation can be effected simply by heating it with acetic: anhydride 
for about. 7-hours (Ladenburg, Ber., 1876, 9, 1524). Again all attempts 
to prepare an oxazole by the action of benzoyl chloride on the amino- 
hydroxyphenazine by following the method of Ladenburg (loc. cit.) 
were unsuccessful, in every case a dibenzoyl derivative being obtain: 
ed: The desired oxazole could, however, be рер in the manner 
desoribed in the experimental... 
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2:8-Aminohydroxyphenazine has also been condensed with oxalyl 
chloride. From an examination of the properties of the compound, 
thus obtained, it is found that the condensation product, instead of 
existing in the expected diketo form readily, tautomerises to a 
hydroxyketonic form. 


Ny ONCO Е 
сн, | 6B 
"NN: .— NNZZC—OH. 


' Attempts were next made to condense the aminohydroxyphena- 
zine with malonie and succinic acids in presence of phosphorus 
pentachloride according to the: method indicated - by Watson: and. 
Mukherjee (J. Chem. Soc., 1916, 109, 626), but the: _ resulting ' pro- 
ducts resisted all attempts for purification: 

When heated in а sealed-tube phthalic anhydride condenses with’ 
9:8. aminohydroxyphenazine with the loss of one molecule of water’ 
but ring- -closure does riot take place. E 

Compounds containing new heterocyolic rings have algo been ob^ 
tained. by condensing 2:8-aminohydroxyphenazine with thionyl chlo- 
ride, potassium ethylxanthate and formic acid. Ring-closure · ‘with’ 
formic acid was only effected when the acid was’ absolutely: anhy-' 
drous and’ even then it was necessary to heat the mixture: in a 
sealed tube-for about 40 hours: аб. 200-80°.  ' un. 

Ethylene 'dibromide gives’ а closed? ring compound. Though’ 
chloroacety! chloride with o-aminophenol forms -a closed ring com:' 
pound (Aschan, Ber., 1887, 20, 1528) with 2- hydroxy- 8- ащ 
zine it only attacks the amino group. 

Ethyl chlorocarbonate only attacks the amino group of^2:8- 
aminohydroxyphenazine and no ring formation takes place as ‘in the 
case of o-aminophenol (Grenvik, Bull. Soc. chim., 1877, ii, 28, 177). ' 

Finally 2:8-aminohydroxyphenazine has been condensed’ with: 
a number of aldehydes such as benzaldehyde, m-nitrobenzaldehyde 
vanillin, salicylic aldehyde, апівів aldehyde, furfural, o--and p-nitro- 
benzaldehydes and bromosalicylic aldehyde. As in the condensation 
of .o-aminophenol with aldehydes, only the amino group of the 
nydroxyaminophenazine reacts with the aldehydes. 

‘ Many of the compounds described: in the present paper, through 
obtained in a pure state, resisted all attempts fcr crystallisation. 
due- evidently to their high molecular complexity.. "In fact many: 
of them are scarcely soluble in any of the organio-solvents.:  ..: ^": 
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EXPERIMENTAL. 


| “д. Phenyl-4 :6-phenadino- oxasole,—Well powdered 2: :8- amino- 
hydroxyphenazine (1 в.) was boiled with benzoyl chloride (20 с.о.) 
under reflux until а clear solution was obtained. This was then 
concentrated when yellow needles accompanied by a black tar were 
obtained. These were filtered from the adhering liquid and washed 
free from benzoyl chloride with ether and the separated solid waa 
crystallised from toluene (charcoal) and the yellow needles were 
washed with dilute caustic soda to ensure the removal of benzoic 
acid. After repeated crystallisation from toluene it was obtained 
as fine yellow needles, not melting below 800°. It is insoluble in 
dilute caustic soda or ammonia, readily soluble in hot toluene, glacial 
acetic acid and strong sulphuric acid (red coloration) and in- 
soluble in alcohol or esther. (Found: N, 14'4. ae мы з requires 
М, 14°14 per cent). 

‚ Phenasinodiketomorpholine. — 2:8- ШО n ай (0: 5 
g). "was boiled with excess of oxalyl chloride (20 o.c.) for about 
$ hour. The yellow precipitate was filtered, washed with ether, 
aleohol and subsequently with dilute hydrochloric acid to remove 
any unchanged phenazine. It was finally washed with water and 
dried. On exposure the yellow crystalline powder gradually turns 
red. 16 does not melt below 800°. It is insoluble in ether, alcohol 
or dilute hydrochloric acid, but soluble in ammonium hydroxide, 
caustic soda and nitrobenzene. It dissolves in strong sulphuric 
acid with a deep red colorations -: (Found: М, 16°04. C,,H,O,N, 
requires N, 15°85 per cent). 


Thiocarbozylaminohydrozyphenaaine or Thioxyphenasino-oxasole, 





Thionyl chloride (10 c.c.) was added to 2:8-aminohydroxyphena- : 
zine (0°6 g.). The mixture immediately turned black and on boiling, 
for about i hour under reflux, в part. went into solution..- This. 
was filtered hot and the filtrate allowed to drop into water when a. 
black microcrystalline. powder was obtained which was treated with: 
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dilute hydrochloric acid to remove any unreacted phenazine. The 
product was then washed with water and dried. It does not melt 
up to 800°. It is.very sparingly soluble in water ог. dilute hydro- 
'ehlorio avid, moderately soluble in , dilute alkalis, alcohol or glacial 
acetic acid and very soluble in pyridine, nitrobenzene or aniline. 
It dissolves, in sulphuric acid with & greenish yellow coloration 
which changes to red on dilution. (Found: М, 16:2. C,3H,0,.N;8 
requires N, 16°84 per cent). i 


at 


——— иаа 


OH) 
с ар 


2: EE E E T (0*5 g. ) was heated with excess of 
carbonyl chloride (in toluol solution) on a water-bath under reflux for 
about 2 hours: The resultant product was then filtered and washed 
with -toluol when a black microcrystalline powder was obtained: which 
оп exposure to air turned yellow. It dissolves -in most of the organic 
solvents, 6.g., alcohol, acetic acid and nitrobenzene. It is also soluble 
in caustic soda, ammonia and hydrochloric acid. “It does’ not melt 
even” at ':800°.. It dissolves in strong sulphuric acid with a red colo- 
ration. peus М, 18°05. EA 3H gO02N; Tequirès N, 11 79 dis d 
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An intimate mixture of 2:8-amirohydroxyphenazine hydrochlo- 

ride (1 g.) and potassium -ethylxanthate. (0'7 g.) was heated in a 
sealed tube with alcohol (10 c. б. ) at 200-230° for about 10 hours. On 
opening the tube there was distinct smell of sulphuretted hydrogen. 
The separated precipitate was repeatedly washed with dilute caustic 
soda dnd water to ensure the removal of the -parent substances. - Fi- 
nally it was purified by dissolving. the substance’ in strong sulphuric 
acid and reprecipibating with the addition of water. : The.blaok mass 
obtained was filtered, washed with water and dried. It does-not: melt 
below 300°. . It is sparingly soluble in.aloohol or -glacial acetic “acid: 
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and moderately во in nitrobenzene and pyridine. It is insoluble’ in 
caustic soda or ammonia and dissolves in strong sulphuric acid with а 
bluish violet coloration. (Found: М, 16:81. 0,,;H,ON,8 requires 
N, 16°6 per cent). | "s 


Phenasinomorpholine. 


N O 
ММ он, 
Сон, 
. NH 


2:8-Aminohydroxyphenazine (0:5 g.) and ethylene dibromide 
(7 в.в.) were sealed together in a tube, thoroughly mixed by shaking 
and heated for about 12 hours at 180-200°. The product was 
washed with water, dilute caustic soda and finally with water and 
dried when a black microcrystalline powder was obtained which did 
not melt below 800°. ` It is ‘insoluble in alcohol, ether or dilute 
caustic soda but soluble in acetic acid. It dissolves in concentrated 
sulphuric acid with a red coloration but is reprecipitated on the 
addition of water. (Found: М, 17:5. C,,4H,,ON, requires М, 17°7 
per cent). | 

Methylphenasino- oxazole. —Well powdered’ 2:8-aminohydroxy- 
phenazine (0'2 g.) and acetic anhydride (5 с.с.) were heated together 
in a sealed tube for about 24 hours at 210-280?. The contents of the 
tube were diluted with water and the precipitate obtained was washed 
with water and treated with dilute, caustic soda and subsequently 
with. water and dried when a black microcrystalline . powder was ob- 
tained which did not melt below 800°. It is insoluble in alcohol, ether, 
nitrobenzene or caustic sods but soluble in acetic acid. It dissolves 
in strong sulphuric, acid with &.red coloration but is reprecipitated 
on addition of water. - | 

"This compound ів totally.. different kon the mono- and diacetyl 
а obtained by Ullmann and: Mauthner (loo. cit.) in. colour, 
solubility, m. p» as. well as percentage composition of- nitrogen. 
(Found: М, 17'4. O4,HO0Ns requires М, 178 per cent). 
_ 'Phenaszino-oxazole.—2 :B-Aminohydroxyphenazine (02 в.) and 
formic acid (£ e.o., 100%) were heated in a sealed tube -at 280-800? 
for about/40 hours. ‘The’ contents of the''tube were washed with 
‘water; dilute caustic- soda and finally with water and dried when a 
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black ‘microcrystalline powder was obtained, which did: not melt 
below 800°. ‘It'is insoluble in alcohol, ether or dilule caustic soda 
but soluble in acetic acid. 16 dissolves in concentrated sulphuric 
acid with a red coloration but is reprecipitated on the addition of 
water. (Found: М, 18°7. 0,,H,ONg requires N, 19°0 per cent). 


Phthalyl 2-Amino-8-hydrozyphenazine. 
N Ё | р 
МММ Оон. 


О 
S 
NOCH, 
GO 


An intimate mixture of 2:9-aminohydroxyphenazine (0°5 д.) 
and excess of phthalic anhydride (5 g.) was heated in a sealed tube 
for about 20 hours ab 180-200°. The black mass obtained was serap- 
ed out and was repeatedly washed with warm soda and finally with 
water to remove the original starting -materials, The black product 
obtained does not melt up to 800° and cannot be crystallised. It 
is insoluble in alcohol, ether or nitrobenzene. It is insoluble in 
caustic’ soda or ammonia but soluble in acetic acid. It dissolves in 
- goncentrated sulphuric acid with a red coloration but is reprecipitat- 
ed on the addition of water. (Found: N, 12:0. СоН ОМ. re- 
quires N, 12°8 per cent). 

o-Ozyphenaginourethane .—12 :3-Aminohydroxyphenazine (1 g.) was 
boiled with ethyl chlorocarbonate (20 в.о.) for about 10 hours 
on а water-bath under reflux. The chlorocarbonic ester was 
distilled off and the residue washed with water and boiled. It was 
then dissolved in hot glacial acetic acid and the filtrate was concen- 
teated until beautiful pale brown plates separated, m. p. 281-82°. 
It is insoluble in water, alcohol or ether but soluble in hot glacial 
acetic acid or nitrobenzene. It is moderately soluble in caustic 
soda. (Found: N, 14:5. ©C,,H,,03Ns5 requires N, 14°84 per 
cent). 

Monochloroacetyl 2-amino-3-hydroxyphenazine.—2 :8-Aminohydro- 
xyphenazine (0'5 р.) and chloroseetyl chloride (10 с.с.) were heated 
jon 8 water-bath under reflux for about ап hour and the precipitate 
obtained was washed with alcohol when в black powder was obtained 
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which turned red on exposure. It was purified several times from 
boiling alcohol. It dissolves in alcohol, acetic acid,. nitrobenzene, 
caustic soda as also in hydrochloric acid. Itdoes not melt even at 
800°. (Found: М, 14°92. ,C),H,,0gN;Cl requires N, 146 
per cent). | | 


* 2-Phenylazomethine-3-hydroxy phenazine. 


= 


AX. 0 


2:8- E E (0'5 g.) was boiled m benzaldehyde 
(15 drops) in nitrobenzene (80 o.c.) for about 1 hour when a black 
solution was obtained. This was filtered hot and the filtrate allowed 
to drop in ether, when a precipitate was obtained. This was filtered 
and washed repeatedly with ether and aleohol. It was then washed 
with caustic soda and water and finally obtained as an orange-red 
microcrystalline powder, not melting at 800°. It is insoluble in 
water, dilute ammonia, caustic soda, alcohol, glacial acetic acid, 
dilute hydrochloric or sulphuric acids but ‘is moderately soluble in 
nitrobenzene. 16 dissolves in strong sulphuric acid with a: red 
coloration but ie reprecipitated on dilution with water. (Found: 
М, 18:8. C,9H,4340N; requires М, 14°05 per cent). 

2-(8/-Nitro)-phenylasomethine 8-hydroxzyphenasine was obtained 
in а similar way to the preceding compound by treating 2:8- 
-aminohydroxyphenazine (1 mol.) with m-nitrobenzaldehyde (1 mol.). 
It is a dark brown powder with no tendency to crystallise or melt. 
It is insoluble in ether or alcohol but soluble in chloroform, nitro- 
benzene, pyridine or acetone but moderately soluble in caustic soda 
and sparingly so in ammonia. It dissolves in strong sulphuric acid 
with a red coloration. (Found: N, 16°66. ©,,H,303Ny, requires 
N, 16°28 per cent). i 

+ The author was nob aware of the work of De and Ghosh (J. Indian Chem. 
Soc., 1980, 7, 857) until only a few days back. These suthors have prepared imina- 
zole by the condensation of benzaldehyde with 9-amino-10-hydroxyphenanthrene. 
But such ring formation could be effected neither in the case of o-aminopheno! nor 
in the oae of 2 :8-aminohydroxyphenazine, only the amino groups being attacked in 


these cases. 
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^^ 9-(4-Hydrozyg-5t- methoay)-phenylagomethine-8-hydrozjphenasine 
was also prepared in a manner exactly similar to the above with 
2:8-aminohydroxyphenazine (0°5 g.) and vanillin (1g.). Ib was 
obtained from glacial acetic acid as a powder which does not melt 
even at 800°. It is slightly soluble in dilute ammonia or alcohol, 
fairly soluble in caustic soda and easily soluble in glacial acetic acid. 
It dissolves in strong sulphuric acid with a dark red coloration which 
lightens on dilution and the’ substance is reprecipitated. (Found: М, 
12:52. O$4H4503Ng requires М, 12/17 per cent). 

2-(2- Hydrozy)-phenylasomethine-3-hydrozyphenasine was pre- 
pared by condensing 2:3-aminohydroxyphenazine with salicylic 
aldehyde іп a manner similar to the previous\-mpound. It is yellow 
in colour, lacks any tendency towards crystallisation and does not 
melt up to 800°. It is insoluble in ether, ammonia or dilute caustic 
soda, sparingly soluble in alcohol and readily soluble in nitrobenzene. 
16 dissolves in strong sulphuric acid with a dark red coloration which 
on dilution changes to red and the substance is reprecipitated. 
(Found: М, 18°6. Cy 9H,3;0gN3 requires N, 18:88 per cent). 


Е 2-(4-Methozy)-phenylasomethine-B-hydrozyphenazine was obtained 
as a brown ' microcrystalline powder when 2:8-aminohydroxy- 
phenazine was treated with anisaldehyde as above. It does not 
melt even at 800° and is insoluble in alcohol end ether, but slightly 
soluble in caustic soda solution. It is soluble in acetic acid and 
nitrobenzene. It dissolves.in strong sulphuric acid with a violet 
coloration which changes to yellow on dilution with water. (Found: 
М, 129. СН, 5ОзМ, requires М, 12°76 per cent). - 

2-Furylasomethine-8-hydroxyphenazine was obtained as a brown 
precipitate with no tendency towards crystallisation from 9:8. 
aminohydroxyphenazine and furfurol. It does not melt up to 800°, 
It is insoluble in dilute ammonia, caustic soda or acids but sparingly 
soluble in alcohol or ether and considerably so in glacial acetic acid 
or nitrobenzene. It dissolves in strong sulphuric acid with a dark 
red coloration which changes to red on addition of water and the 
substance is reprecipitatca7 © (Found: N, 14°84. C1;H4105N, 
requires М, 14°58 per cent). | 


The following aldehydes also were condensed with 2 :8-arnino- 
hydroxyphenazine using a slightly different method: (a) o-nitro- 
benzaldehyde, (b) p-nitrobenzaldehyde, (c) bromosalicylaldehyde, 
forming 2-(2/-nitro)-phenylazomethine-8-hydroxyphenazine, 2-(4/- 
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nitro)-phenylazomethine-8-hydroxyphenazine, 2-(2'-hydroxy-5' bromo)- 
phenylazomethine-8-hydroxyphenazine respectively. 

The process is to form an intimate mixture of 2:98-aminohydroxy- 
phenazine and the aldehydes in а molecular proportion and to heat 
the mixture in а tube fitted with an air condenser in cn oil-bath for 
about 7 hours at 200-210°. The product was then powdered and 
washed repeatedly with alcohol, ether, ammonia and finally with 
boiling water to dissolve out the unreacted starting materials. None 
of the compounds-so-obtained melt below 800° and they are almost 
similar in properties. They аге purified by dissolving in boiling 
nitrobenzene, filtering hot, and precipitating the filtrate with ether. 

2-(2/-Nitro)-phenylazomothine.8-hydrozyphenasine is a brownish 
black substance and cannot be crystallised. It is slightly soluble in 
alcohol and caustic soda but insoluble in ether. It dissolves in strong 
sulphuric acid with a deep red coloration. On addition of water 
the substance is reprecipibated. (Found: М, 16°66. ОН. ,03N, 
requires N, 18°28 per cent). 

2-(4!-Nitro)-phenylasomethine-8-hydroxyphenazine was obtained as 
a brown powder. A very small quantity of the substance was obtained 
as plates from very highly concentrated nitrobenzene solution but the 
yield in that case was hopelessly poor. It is insoluble in dilute 
ammonia, alkalis or acids but slightly soluble in alcohol, moderately 
soluble in glacial acetic acid and exceedingly soluble in nitrobenzene. 
It dissolves in concentrated sulphuric acid with a dark red coloration 
but is reprecipitated on dilution with water. (Found: N, 16°58. 
C19H1203N, requires М, 16°28 per cent). 

2-(2!-Hydroxy-5'-bromo)-phenylazomethine-8-hydrozy phenasine is a 
dark brown uneorystallisable powder and is slightly soluble in 
dilute ammonia or caustic soda. It is moderately soluble in alcohol 
or glacial acetic acid and fairly so in nitrobenzene. It dissolves 
in strong sulphuric acid with & blood red coloration but is repre- 
cipitated on addition of water. (Found: М, 10'8. C,,H,,0.N,Br 
requires N, 10°66 per cent). 
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. Action of Alkali on A-Methyl-8a-1 :2-naphthapyrone 
| and its 3:Chloro- and 3-Bromo Derivatives. 
Formation of cis- and trans-Hydroxy- 
naphthylerotonic Acids and a New 
Naphthylpropionic Aldehyde 
Derivative. 


By B. B.-Dzy.AND А. К. LAESHMINARAYANAN. 


16 has been shown (Dey, J. Chem. Koc., 1915, 107, 1680) that 
4-methyl-8-naphthapyrone yields on treatment with alkali a fairly 
stable acid (m. p. 146°) which, on account of the esse with which it 
could be converted into the original pyrone by such simple methods 
as treatment of alcoholic solution with НО! gas or crystallisation 
from boiling solvents, etc., was regarded as having the cis configura- 
tion. Confirmation of this view has, however, been lacking since all 
attempts to convert this acid into the trane isomer were unsuccessful. 
We have now succeeded in preparing by the method of boiling an 
alkaline solution of the pyrone with mercuric oxide (cf. Sen and 
Chakravarti, J. Indian Chem. Soc., 1980, 7, 247 ; Chakravarti, ibid., 
1981, 8, 817), & new isomeric acid (m. p. 112°), which, if the 
previous interpretation was correct, should be assigned the trans 
formula. The latter, however, undergoes conversion into the 
coumarin practically with the same readiness and in the same charao- 
teristic manner as its cts isomer, and has, moreover, a lower т.р. 
—properties which seem to be in conflict with the traditional 
views regarding the relative stabilities and melting temperatures of 
cis-trans isomers. Although the allocation of configurations to the 
two acids by a comparison of their common physical and chemical 
behaviours appears thus to be difficult, we have observed an interest- 
ing point of difference between them in regard to their response to 
the stimulus provided by ultraviolet illumination which seems to 
be highly significant and to justify our previous conclusions. On 
exposing solutions of the two acids in dry chloroform under identical 
conditions to the ultraviolet rays of a mercury lamp, it was observed 
that while the acid (m. p. 146°), believed to have the cis structure, 
remained unaltered, the other isomer was converted to the extent 
of about 70 % into the naphthapyrone. The assumption which 
prompted this investigation of the action of ultraviolet light on the 
two acids was deduced logically from в consideration of the relative 
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energy contentis of а -pair‘of cis-trans isomers. If, according, to 
general belief, a cis compound existed on a higher energy level than 
its trans isomer, № would be reasonable to expect that the latter 
could be induced to take up energy, when supplied in а suitable form, 
and pass into the cis-body. The conversion of the trans compound 
into the coumarin is, however, obviously effected through the inter- 
mediate cis-phase, and the absence of any change in the case of the 
pure cis-acid seems, therefore, to be difficult to understand. The true 
explanation of this difference would probably be found in the follow- 
ing reasoning. Assuming that the trane-acid is converted by an access 
of energy from the ultraviolet rays into the cis condition, it is 
conceivable that the process would induce an activation of the mole- 
cules so as to prevent the transformation from being arrested ab this 
stage but causing it to proceed further until cyclisation to the stable 
coumarin molecules has been effected. In the case of the cis-acid, 
on the other hand, the non-existence of the initial stimulus or activa- 
tion may be argued as the cause of the. molecules remaining inert 
and unaltered. Further work in this direction which might help i in 
differentiating between similar pairs of cis- and trans- acids is engaging 
our attention. · . $ 
. The results obtained from a йа: siudy of the action B alkali 
on the 8- -halogeno- -B- naphthapyrones have proved to be equally. inter- 
esting. It was previously reported (Dey, loo. cit.) that 8-chloro-4- 
methyl- B- naphthapyrone reacts with hot alkslis in & manner entirely 
different from other 8-chlorocoumarins and yields not the expected 
furan derivative but a stable ehlorocoumarinio acid (cia). On repeating 
this work under carefully regulated conditions we find that although 
the chlorocoumarinie acid is the main but not the sole product under 
the conditions employed previously, prolonged boiling with concentra- 
ted potash does result in the conversion of the major portion of the 
substance into the hitherto.unknown methyl-@- naphthafuran carboxylic 
acid (m, p. 240°). It may be remarked, however, that the new obser- 
vation is by no means inconsistent with the assumption previously 
made that the chloro acid formed in large bulk from the 8-chloro- 
B- naphthapyrone possessed great stability, though it had the cis 
structure and this rendered the first step to the formation of a furan 
derivative in this reaction, the elimination of a molecule ‘of alkali 
chloride from the trans-chloro acid, difficult, if not impossible. The 
present work establishes the point that if the treatment with alkali 
be continued sufficiently long, в considerable amount of cis- trans con- 
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version actually takes place with the consequent elimination of alkali 
chloride and -closure of the furan ring, thus: 


oc а С! 
Меб= б—соок мь0-6-_0008 
ок. | он 
QUE 
NZ | хх 





cis-Acid Mid 149°) 
| Sii 


ыа фа мо C.COOH. 


ME - - trans-Acid Е galt) -Q (m. p. 240°) 


Continuation: of E in ‘this field has also served to show that 
the original anticipation that this singular change of 8-halogeno-f- 
naphthapyrone into the corresponding coumarinic acid would prove 
to be general, is incorrect. It has already been shown (Dey, Rao 
and Sankaranarayanan, J. Indian Chem. Soc., 1988, 10, 282) that the 
formation of a stable cis-acid is connected, in some way which is not 
clearly understood yet, with the presence of the methyl group in 
4-position, since the unsubstituted 8-chloro- and 5-bromo-f-naphtha- 
pyrones yield only the furan derivative unmixed with even a trace 
of the óis-acids. We now find that the substitution of bromine for 
chlorine, even іп the 4-methyl-B-naphthapyrone, leads to results of 
an entirely different but highly interesting: character. No bromo- 
coumarinic acid could be detected even on boiling with aqueous 
alkali for & comparatively short period ; on the other hand, consider- 
able quaxtitiós of @-naphthafuran carboxylic acid were isolated. 
But the principal product was a new substance (m. p. 186°) which 
contained no bromine, dissolved іп cold:caustic soda and was insoluble 
in sodium carbonate. It yielded a monoscetyl derivative (m. p. 117°) 
from. which the parent compound was easily regénerated by hydroly- 
sis. The phenolic character of the substance together with the 
results obtained on analysis led us at first to imagine it to be the 
8-hydroxy-4-methyl-8-naphthapyrone produced by. the simple replage- 
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ment of bromine by hydroxyl. А careful examination of the 
product led, however, to the interesting discovery that it was ап 
aldehyde of the following constitution : 


MeCH’CHO 
OH 


The compound shows all the reducing reactions of aldehydes, 
yields without difficulty a well-crystallised oxime, а phenylhydrazone 
and a semicarbazone and: is converted by careful treatment with 
ammoniacal silver oxide into the corresponding acid. The formation 
of such an interesting product, which we have not observed in any 
other case although the same reaction was carefully repeated with 
several other 8-bromo-4-methyleoumarins, can be best explained by 
the assumption that an intermediate unstable hydroxycoumarinic 
acid (cis) is first produced, and this subsequently loses ОСО. and 
passes into the hydroxymethylene (enolic) form of the nus 
The reactions are indicated in the following scheme: 

C Br Br '* ОН. 
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i dai TT C—COOH 
— 
t / \ ок < хон 


М м ee 


сс 


COOK OH 
MeC =C—Br MeC= iu 
JN OK OH 


~~ C*'COOH | MeCH'GHO 
| : |. 
О 





/ | 
(m.pa 240°) . ` (m.p. 186°) 
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- The best confirmatory evidence of the constitution given above 
is, however, derived from the observation that a practically quanti- 
tative conversion of the product into 8-methy!-8-naphthafuran 
(m. p. 57°) occurs when an alcoholic solution of the aldehyde or 
of ite acetyl derivative. is saturated with HCl gas. The following 
scheme explains the change. 


ae ^| MeC=CH OH 
PS NOH 
1 2 ва 


EXPERIMENTAL. 





Cis- and trans- Acids from 4-Methyl-B-naphthapyrone. 


сів-8-9- Hydrozy -1-naphthylerotonic acid (4-methyl-B-naphthacou- 
marinic acid) (Dey, loc. cit.).—4-Methyl-1 :2-Ga-naphthapyrone (m. p. 
178°) (2g.) was dissolved in alcohol (80 c.c.), aqueous caustic potash 
(20%, 20 c.c.) added and the mixture boiled under reflux for 4 hours. 
After distilling off most of the alcohol, water (80 o.c.) was added, 
the solution cooled in ice and acidified with dilute hydrochloric 
acid, The turbid solution slowly deposited the coumarinic acid in 
lustrous colourless plates which melted sharply at 146° with 
evolution of steam and passed into the original naphthapyrone. 

trans-8-2-Hydrozy-l-naphthylcrotonic acid (4-methyl-B-naphtha- 
coumaric acid).—The pyrone (2 g.) was dissolved in boiling aqueous 
caustic soda (2g. in 50 c.o.), the solution diluted with water to 
150 e.c. and red mercuric oxide (2 р.) added and the mixture boiled 
under reflux for 2 hours. Оп acidifying the cold filtered solution with 
2N-HOI, it became opaléscent and slowly deposited a pale yellow oil 
which after rubbing for some hours solidified. It dissolved com- 
pletely in cold sodium bicarbonate, but on acidifying the alkaline 
‘solution, the same phenomena of: turbidity succeeded by the sepa- 
ration of an oil which gradually solidified were reproduced. The 
process was repeated thrice when the oil solidified almost 
immediately and it was finally purified by precipitating its acetone 
solution with water, yield 1 g. The acid melts sharply at 112° with 
the sudden evolution of steam and then immediately solidifies. The 
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residue (m.p. 178°) is found to Бе identical with 4-methyl-B-naph- 
thapyrone. Attempts to erystallise the acid from hot-solvents or to 
estérify ib with alcohol and acid led to its complete conversion 
into the pyrone. [Found: С, 78°14; Н, 5:5; M. W. (by titration 
with baryta), 227'0. C,H ,,0 3 requires a 78°7; H,- 6'3 per cent. 
M. W., 228]. ; E 4 


- ыр К | _ 
Action of Ultraviolet Rays on the Coumaric and Coumarinic Acids. 


(a) Coumaric acid.—4A cold solution of the pure compound (0'6 g.) 
in dry chloroform (60 c.c.) contained ina quartz flask, to which a drop 
of a solution of bromine in chloroform (0°05%) had been added, was 
exposed for 14 hours to the light from a mercury-are lamp, the distance 
being so adjusted as to prevent any appreciable rise of temperature. 
The solution was allowed to evaporate spontaneously and the residue 
left in contact with dilute sodium bicarbonate solution for an hour 
The insoluble residue (0°35 g.) melted а -168-70°, the m. р. rose to 
178° by а single crystallisation from acetic acid, and was identified 
withthe 8-naphthapyrone. The bicarbonate solution, on acidification 
with dilute hydrochloric acid, precipitated an oil which soon. changed . 
into a solid “melting т at 110-12°; identical in: all араш "with the 
coumario acid. pi 


(b) Coumarinio ОА exposing 8 ‘solution’ of this acid (m. p. 
146°) i in dry chloroform to the ultraviolet rays of а mercury lamp 
under precisely similar conditions and evaporating the ‘solvent, a 
residue. completely soluble in cold sodium bicarbonate. and recognised 
by the ugual tests to. be the unchanged. ‹ coumarihio. acid, was 
obtained. Eos : 2 Г T 


ТЕ 

Action: of Alkali on 8-Ohloro: T ом ix р. 
185*): Formation’ of 8-Chloró-A-methyl-B- оиз Acid 
а 8:M ethyl-B- naphthafuran Carbowylic Acid.” г E 


. (a) The chloro derivative (0°5 g.).was boiled with 2N-NaOH. until 
it completely dissolved (10, minutes) and the clear yellow solution 
heated on the water-bath for 1 hour. On cooling and acidifying, 
colourless glistening plates slowly - - separated. These were 
purified by dissolving twice іп cold sodium. bicarbonate and 

acidifying, when they melted at 149° simultaneously evolving steam 
and passing into the chloropyrone. = - "ON" 
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-, (b) 0°5 G. of the pyrone was boiled with caustic potash solution 
(20%, 20 e.c.) for 2 hours. On cooling the sparingly soluble K-salt of 
the.naphthefuran carboxylic acid crystallised out. The crystals were 
dissolved in water and the solution acidified. The pale brown solid 
which was immediately thrown down was collected and purified by re- 
dissalving i in sodium bicarbonate and acidifying. Two crystallisations 
from glacial acetic acid (charcoal) gave colourless needles m. p. 240°. 

The mother liquor from the pale brown solid, on standing, deposited 
a small quantity of the impure chlorocoumarinic acid (m. p. 189-40°) 
which was purified by twice dissolving in cold bicarbonate and acidi- 
tying. (Found : С, 73° 79; Н, 4 80; M. W., 224. C,,H, оО. requires 
O, 74°84; H, 4°42 per cent, M. W., 220). "The ethyl ester of the 
naphthafuran carboxylic acid, prepared in the usual manner, crystal- 
lises- from alcohol i in вой colourless needles, m.p. 100°. 


* 8.Bromo-4-methyl-B-naphthapyrone (Bacovescu, Ber., 1910, 48, 
1280).—A glacial acetic acid solution of the pyrone (4 g.) was treated 
with bromine (8 2 g. in 10 o.c.), and the mixture heated on the water- 
‘bath until HBr ceased to evolve. The bromo derivative crystallised 
on cooling and was once recrystallised {гого acetic acid. The pune 
‘product ‘weighed 4 8. (m. р. 145°). ИС 


‘Action of alkali on 8-bromo- P E E T Formation 
of 8.methyl-B- naphthafuran carboxylic acid and 2-hydtoxynaphthyl-1- 
га-рторіотіо, aldehyde.—The' bromo compound (8 -g.) was boiled with 
‘QN-NaOH (40 в.е.) for 1 hour, the cooled alkaline filtrate acidified with 
2N-HCI and the flocculent yellowish brown precipitate, which had а 
peculiar odour, was collected and washed with water. It gave ho 
tests for halogen. On leaving in contact with N-sodium carbonate 
solution for sometime only а part of it dissolved, and on acidifying 
the filtrate, 8-methyl-B- naphthafuran carboxylic geig (m. p. 240°) 
‘separated out, yield 0° 6 g. 


The earbonate- insoluble residue, which imod the main bulk 
of the precipitate, dissolved in hot water and orystallised on cooling in 
glistening rectangular plates, m. p. 186°, yield 1g. It dissolves in 
cold caustic soda and an alcoholic solution of the substance instantly 
decolourises cold acid permanganate and readily reduces ammoniacal 
silver oxide and Fehling’s solution on warming. (Found: С, 78°35; 
Н, 5:64. С.Н. О. requires C, 78:0; Н, 6'0 per cent). 

The acetyl derivative, prepared with acetic anhydride and a drop 
of pyridine, erystallises from hot water in shining prismatic needles, 


PI 
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m. р. 117°. (Found: С, 7456; Н, 5: 58. лән 40s 1 requires а 
74:8; Н, 5°75 per cent). 

The ozime, prepared by refluxing an alcoholic solution of thi 
aldehyde with hydroxylamine hydrochloride and Potassium hydroxidé 
for 2 hours, erystallises from alcohol in email edlourless plates, та. р. 
182°. (Found: М, 701. C,3Hj OoN requires N, 6"61 per cent). ` 
_ The phenylhydragone, prepared in the usual way, orystallises оњ 
acetic acid in clusters ‘of pale yellow needles, m. p 144°. (Found: 
'N, 9:87. C,g4H,40 Ng requires М, 9:66 per cent). 

The semicarbazone forms colourless needles, m. p. 186°, (Found : 
N, 16 86. C,,H,5054 Ns requires №, 16°84 per cent). 

2-Hydrozynaphthyl- 1-о-рторіотіс acid was prepared by warming 
ап aqueous solution of the _aldehy de ‘with ammoniacal silver oxide 
on the water-bath, removing the excess of silver with hydrochloric 
acid and concentrating the filtrate. ` It crystallises in small needles 
which readily dissolve in water on warming, m. p. 166°. (Found: 
Equiv., 220. ©,3H,.0, requires Equiv., 216). 

Action of HCl gas on an alcoholic solution of 2- -hydrozynaphthyl- 
l-a-propionaldehyde : Formation of 8-methyl-B-naphthafuran.—The 
aldehyde (1 g.) dissolved in cold absolute alcohol (10 с.с.) was treated 
with dry НСІ gas until saturated and after 12 hours the alcohol 
was evaporated on the water-bath and the tarry residue repeatedly 
washed by rubbing with water when it solidified. It was left in 
contact with dilute NaOH for 1 hour to remove .any unchanged 
aldehyde and then crystallised twice from 50 % alcohol (charcoal), &3 
colourlees needles, m. р. 67°. (Found: C, 85:4; Н, 5:65. C14H440 
requires C, 8571; Н, 5'49 per cent). 

The 2-acetoxy derivative, when treated in the same Way, gave 
.also a good yield of the naphthafuran. 

Attempts were made fo condense the aldehyde with acetone, 
acetophenone and ethyl malonate but without success. | 
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Reactivity of the Methylene Group in Coumarin-8- 
acetic Acids. Condensation with Aromatic 
EE Aldehydes. ' 


т ‚ Ву B. B. DBY AND Y: SANKARANARAYANAN, 


t 


Tt has been shown that coumarin-4 acetic acids resemble malonic 
acid in decomposing smoothly and quantitatively into 4-methyl- 
coumarins and carbon dioxide at their melting points, and in having 
a reactive methylene group (Dey and Row, J. Indian Chem, Soc., 
1924, 1, 107, 277 ; 1925, 2, 227; Dey and Seshadri, ibid., 
1981, 8, 247). Attention was also drawn in the course of theso 
investigations to certain remarkable colour changes which occurred 
when the products of condensation of a coumarin-4 acetic acid with 
p-hydroxybenzaldehyde or vanillin were treated with alkali and the 
view was expressed that the phenomenon was presumably due to the 
facility with which molecules of these compounds could tautomerise 
into forms which were quinonoid both in the pyrone and in the second 
benzene nuclei (Dey and Row, loc. cit.). А study of the behaviour 
of similar products obtained from coumarin-8 acetic acids (Dey and 
Sankaranarayanan, J. Indian Chem. Soc., 1931, 8, 817) was expected 
to throw further light on the subject and justify or correct the 
explanations previously offered. 

A comparison of the activities of methylene groups in phenyl. 
acetic and coumarin-4 acetic acids has shown the latter to be more 
reactive, and on grounds similar to those discussed before (cf. Dey 
and Row, loc. cit.), it may be argued that the activity of this group 
in coumarin-8 acetic acids is lower than that in the 4-acetic acids. 
Thus, while the 4-acetic acids and their ethyl esters condensed 
easily with aldehydes under the conditions of both the Perkin and 
the Knoevenagel reactions, coumarin-8-acetic acids could be made to 
react only by Perkin’s method, no condensation occurring when their 
esters were treated with aldehydes in the presence of piperidine in the 
usual way. This reduction of activity may be attributed to the in- 
fluence of the crotonoid system in the coumarin ring, the positive 
charge of the 4-С atom being expected to strengthen the tendency fo: 
ionisation of the CHy—H atoms, while the potential depletion oi 
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electrons of the 8-C atom might have a feeble inhibiting effect on this 
tendency (cf. Banerjee, J. Indian Chem. Soc., 1981, 8, 777). 

The same arguments may be advanced to explain the interesting 
observation that coumarin-8-acetic acids with a methyl group in posi- 
tion-4, fail to react with sldehydes. The influence of the methyl 
group is to neutralise the charge of the 4-C atom thus causing a defi- 
nite and permanent electron deficit in carbon atom-8, and the conse- 
quent inhibition of activity of the CH, group attached to this atom, 
These changes seem to provide, therefore, interesting examples of 
electromeric polarisation resulting from the crotonoid system of -the 
a-pyrone ring. 

In contrast with the АРИЗ of the 4-acetic acids which yielded 
only. coumarylphenylethylenes by this reaction, the products ob- 
tained from coumarin-3-acetic acids consisted mainly. of the ethylene 
carboxylic acids which suffered little or no decomposition into CO, 
during the process. The compounds, in which the presence of the 
carboxyl group has been clearly proved, do not, however, dissolve in 
cold sodium carbonate and attempts to esterify them under the usual 
conditions were also unsuccessful ; on- the other hand, they were. 
readily soluble in cold caustic soda only, unchanged material being. 
precipitated | on acidification, and they could be titrated with baryta, 
the results being in good agreement with the molecular weights of the 
monocarboxylic acids. An explanation of these interesting observa- 
tions may be found in the results recently obtained by Linstead (J.. 
‘Chem. Soc., 1982, 115) from ‘a study of the Jactonisation of At- and 
ABg- unsaturated acids: If we accept his view that. these ungaturat- 
ed acids readily change into lactone systems, the -process of lactoni- 
sation involving an addition reaction in which the components: of the 
carboxyl group, Н and R'CO'O, become attached to the olefinic 
centre, then these -coumarylethylene carboxylic acids having one of 
the two olefinic bonds in the В- -position with respect to the СООН 
should be capable of laotonising many according to the following 
scheme : 


SN . "s { ‚О : 
r CO 


| | О | 
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CH 
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It is believed, therefore, that the acids.exist chiefly in the form of 
the saturated lactones which are sufficiently stable to resist the 
action of sodium carbonate but are converted by alkali into the 
salts of the free acids, from the solutions of which the original lac- 
tones = are reprecipitated on acidification, thus: 


о [| 
0 as SY 


vns OH ` NZ C—0-CH 
CH 
i COONa 
1, 
[А] 


The alternative view that the action of alkalis entails a fission of 
the pyrone and not of the new lactone ring, as interpreted in the 
following scheme, is equally plausible. 


OH 
NaOH -— COONa 
но! он-0=08—( » 
Eh o 
0200 


The products of condensation of p-hydroxybenzaldehyde and 
vanillin with coumarin-8 acetic acids exhibited, conttary to expecta- 
tion, the same colour changes when treated with alkali, though in a 
somewhat less intense form, as the analogous products derived 
from the coumarin-4-acetic acids. They dissolved immediately 
in cold caustic soda with a vivid red colour which faded 
rapidly (about 8 minutes) to a pale yellow tint. If the red 
solution be quickly acidified, the unchanged material is thrown 
‘down immedistely, while on acidifying the pale yellow solution a 
white furbidity appeared followed by the slow separation of the 
original product; these changes are strictly parallel to those 
observed in the case of the corresponding 4-coumaryl-p-hydroxy- 
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phenylethylene derivatives and are obviously due to the same 
causes. The p-methoxy and p-acetoxy derivatives and also the 
m-hydroxybenzaldehyde condensation product, like the correspond- 
ing derivatives of coumarin-4-acetic acids, behaved normally and did 
not exhibit any characteristic changes of colour on dissolution in 
alkali. We assume, therefore, that the 8-coumaryl-p-hydroxyphenyl- 
ethylene derivatives, like their 4-analogues, tautomerise readily in 
the presence of alkalis into quinonoid forms which, however, revert 
to the normal structure through the opening of the pyrone ring by 
prolonged contact with alkali. The complete cycle of changes would 
be represented by the following scheme: 


О 
A | 
ONa | 
Г 0 2 NGO 
Му NaOH | УМ | 
> a m n МА, C= “= -CH 
boon COONa 
(Yellow) (Red) 
| Standing | | Btanding 
OH ONa 
^ 
eis 
LÀ COOH qu | 
| 
CHz0-—-C-——C sd ee 
COOH | бома 
(Colourless soluble) (Pale yellow) 


16 wil be seen that the structures suggested for the tautomeric 
forms of the products in the two cases differ in one respect: while 
the 4-coumary! derivative is supposed to become para-quinonoid in 
both the rings (cf. Dey and Row, J. Indian Ohem. Soc., 1924, 8, 280), 
the benzene and the pyrone rings are para- and ortho-quinonoid 
respectively in the case of the other produgt. 
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EXPERIMENTAL, 


кое Carbozylic Acid. 


The dry sodium $al& of coumarin-8-acetio acid (8 g.), freshly 
distilled benzaldehyde (1'4 g.) and acetic anhydride (12 g.) were 
heated in a flask under teflux at 160? for 5 hours. The product was 
thrown into water (100 o.c.), boiled for 5 minutes to decompose the 
excess of acetic anhydride and the pale red oil which separated was 
left in contact with water for 12 hours when it solidified to & hard 
brittle mass. This was crushed with water and purified by repre 
cipitating from dilute caustic soda. Two crystallisations from. alcohol 
(charcoal) gave colourless tiny plates, m.p. 262°, yield 1'4 g. 
(Found: C, 78/47; Н, 4'85. Equiv., 286'4. ©,,H,,0, requires 
C, 78:08; Н, 4°11 per cent. Equiv., 292°0), 


p-Acetoxyphenyl-8-coumarylethylene Carbozylic Acid. 


= 


È И CO: ОН, 
CH 
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Coumarin-8-sodium acetate (8 2 and нех 
(1-7 в.) were condensed by heating with acetic anhydride (19 g.) in 
the usual manner and the solid product obtained by pouring into 
water was collected and left in contact with dilute alkali for some 
hours. Most of the substance dissolved leaving а residue (0°8 р. 
approximately) melting rather indefinitely between 140° and 150°, 
which was proved to be the decarboxylated product (vide infra). The 
pale yellow filtrate was acidified dnd the voluminous precipitate 
collected and crystallised twice from glacial acetic acid in small 
 eolourless “plates, m.p. 244° (decomp.), yield 18g. (Found: 
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С, 605; Н, 4'07. Equiv., 855. C94H4,04 requires С, 68:0; Н, 4'0 
per cent. Equiv., 850). | 

p-Acetozyphonyl-8-ooumarylethylene.—The small amount of ilie 
regidue insoluble in alkali obtained from the condensation of couma- 
rin-3-sodium acetate and p-hydroxybenzaldehyde was repeatedly 
crystallised from alcohol in short pale yellow needles, m.p. 165°, 
yield 0°15 g. (Found: О, 74:5; H, 4'8. O,$4H,,0, requires C, 
74:5; Н, 4'5 per cent). 

p-Hydroxyphenyl-8-coumarylethylens carboxylic acid was prepared 
from the acetoxy compound by boiling with 2N-alkali for 4 hour 
and orystallising the yellow precipitate which was thrown on 
acidification from boiling methanol as yellow needles, m.p. 272° 
(decomp.). (Found: О, 70'1; Н, 8:92. Equiv., 818. C, 3H О,» 
requires C, 70:1; H, 8°90 per cent. Equiv., 808). 

p-Hydrozyphenyl-8-coumarylethylene was prepared by the hydro- 
lysis of the acetoxy derivative (m.p. 165°) in the usual way. It 
crystallised from acetic acid in golden yellow needles, m.p. 227°. 
(Found: C, 76°8; Н, 4°66. C,H y,03 requires C, 77:27; H, 4°54 
per cent). | i i 

A list of similar compounds prepared by condensing coumarin-8- 
acetic acids with various aromatic aldehydes under the same condi- 
tions is given in the following table. 


Name. М.р. Appearance. Analysis. Mode of formation. 

1. m-Acetoxyphenyl-8- 188° Colourless Hquiv., 856'7. OCoumarin-8-godium 

coumarylethylene plates ОНО re- acetate and т- 
carboxylic acid quires Equiv., hydroxybenzalde- 
850. hyde 

о, m-Hydroxyphenyl- 249° Colourless Lge Hydrolysis of (1) 
8-coumarylethylene .. cubes 
carborylio acid 

8. m-Acetoxyphenyl-8- 140° Pale yellow 0,74°8; Н, 44. By-product in the 
coumarylethylene plates СНО, re- preparation of 1; 

Tu С, 74°56; insolublein NaOH 
K . ‚ 4"5 %. 

4. m-Hydroryphenyl-8- 198" Colourless re- zi Hydrolysis of (3) 
coumarylethylene ctangular 

plates 

5. 9-Conmaryl-8’-metho- 207° Colourless uiv., 388'1. Coumarin-3-sodium 
xy -A'-acetoxyphenyl- cubes "0; re- acetate and vanil- 
ethylene carboxylic quires Equiv., lin 
acid f 880. - 

6. 8-Cou 1-8’-metho- 211° Yellow cubes C, 67°4;H, 42. Hydrolysis of (5); 
xy-4’-hydroxypheny!- OigHyOs re- also from coumar- 
ethylene carboxylic гов О, 67°46; in-B-acetic acid 
acid ,414 % and vanillin 


RREAOTIVITY 
Name. | M.p. 


7. 8-Coomaryl-4’-metho- 225° 
{нш a 
carboxylic acid 


8. Methylene ether of 270° 
8’ :4’-dihydroxy- 
phenyl-8-coumaryi 
ethylene carboxylic 

acid 


9. T.Aceloxy-A-methyl-8- 268° 
coumaryl-8 -coum- 
arin 


10. 7:7'-Diacetory-A- me- 220° 


thyl-8 :8’-dicoumar- 
in 


11. 7-Acetoxy-4-methyl-8- 272° 
; соптату]-8’-Ва-1 :9- 
naphthapyrone 


12, Sa-Naphths-3-coum- 258° 
aod ec nen Li 
carboxylic acid 


18. 8 :8'-Di-Ba-naphthapy- 845° 
rone 
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Analysis. Mode of formation. 


С, 70-5 : H, 4'03. Coumarin-3-sodium 


Олю Н14ОБ re- acetate and 
quires О, 70'8; — anisaldehyde 
Н, 485 %. 


ы: 68'4; Н, 8°68. Ooumarin-B-sodium 


Сз Hyg requ- acetate and piper- 
ires О, 679; onal 
Н, 8:57 А. 


C, 69:0; H, 8°97. 7-Hydroxy-4-methyl- 


C4,H340g requ- — coumarin-8-sodium 
ires О, 69°6; acetate and sali- 
Н, 350 %. oylaldehyde 


О, 65°82; Н, T-Hydroxy-4-methyl- 
8 '61. Сев coumarin-8-sodium 
requires O, acetate and resor- 
65°72; Н, 88195  cylio aldehyde 


О, DH 8; is = 7. Hydroxy-4-methyl- 


Og requ coumarin-8-sodium- 
Ов 72:8: Н, acetate and 
8°85 %. B-naphthol al- 
dehyde 


Equiv., 841'8. fa-l:9-Naphthapy- 
Cas Hi 0, requ- rone-8-sodium 
ires Hquiv., acetate and ben- 
842. . zaldehyde 


О, 79°27; Н, Ва-1 :2-Naphthapy- 
$T 79. о, ОНО, гопе-8-асе а acid 

and B-naphtol 
300; H, $693. aldehyde 
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Formation and Transformation of Carbon Ring 
Compounds. Part I. Selenium Dehydro- 
genation of 1:2:8 :4-Tetrahydronaph- 
thalene-8 :3-spiro-cyclopentane. 


By SURESH CHANDRA fzuN-GUPTA. 


In recent years а large number of naphthalene and phenanthrene 
derivatives have been synthesised by the cyclisation of y-phenyl- 
and y-naphthylbutyric acids (Kipping and Hill, J. Chem. Soc,, 1899, 
76, 144 ; Krollpfeiffer and Schiifer, Ber., 1928, 86, 620 ; Schroeter, 
Müller and Huang, Ber., 1929 62, 645 ; Haworth, J. Chem. Soc., 
1982, 1125, 2717; Haworth and Bolam, ibid., p. 2248; Haworth, Letsky 
and Mavin, ibid., p. 1784, 2720). But the effect of various substitu- 
ents on the ring closure of these y-phenyl- and y-naphthylbutyric acids 
has not as yet been systematically investigated. Thorpe and others 
(Atwood, Stevenson and Thorpe, J. Chem. Boc., 1928, 123, 1755 ; 
Stevenson and Thorpe, ibid., 1922, 121, 1717; Kon and Stevenson, 
ibsd., 1021, 119, 88) have only studied the effect of & negative substi- 
tuent e, g., а carboxyl group on the ring formation of y-phenylbutyrio 
acids and they had concluded that for facile ring closure the 
presence of a substituent in the f-position along with a carboxyl 
group is essential. While Haworth and his co-workers (loc. oii.) 
have cyelised the alkyl derivatives of y-naphthylbutyric acids to the 
corresponding ketophenanthrene derivatives. | 

In the present series of investigation the author, whi]e attempt- 
ing to synthesise some higher coal-tar hydrocarbons and their 
derivatives, thou ht 16 first desirable to make a thorough investiga- 
tion of the effect of various substituents on the rng closure of 
y-phenyl- and y-naphthylbutyric acids. Thè influence of gem. 
disubstituents and carbocyclic substituents on the formation of ring 
compounds from these acids had not been studied previously and first 
of all specially these types of compounds are being synthesised and 
their cyclisation studied. 

The three well known methods for the ring closure of the 
y-substituted butyric acids are as follows: 


(i) Oyclisation by, the action of anhydrous aluminium chloride 
on the acid chlorides (Kipping, J. Chem. Boc., 1894, 65, 680; Kipping 
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and Hill, loo. сй.; Kipping and Hunter, ibid., 1901, 79, 602 ; von 
Braun and Stuckenschmidt, Ber., 1928, 86, 1724 ; Ruzicke, Ramondt 
and Wick, Helv. Chim. Acta, 1980, 18, 1117; Ruzicka and co- 
workers, ibid., 1980, 13, 1402 ; 1982, 18, 140 ; 1938, 16, 268, 814). 

. (ii) With concentrated sulphuric acid, ring closure takes place 
generally witha poor yield due to the simultaneous sulphonation 
of the products (Krollpfeiffer and Shüfer, loc. cit.; Atwood, Steven- 
son, Thorpe and Kon, loo. ott.; Shriter, Ber., 1921 §4, 2248). 

(ii) Haworth and co-workers (loc. cit.) have used 85% sulphuric 
acid at the temperature of the steam-bath. 

In the present investigation 85% sulphuric acid at 100° has 
been successfully used for the cyclisation of Bf-cyclopentane-y- 
phenylbutyric acid (IT) to form 1-keto-1:2:8:4-tetrahydronaph- 
thalene-8: 8-spiro-cyclopentanse (ПТ), giving 60% of the theoretical 
yield. In this case we have gota cyclopentane ring in the ВВ- 
‘position of the y-phenylbutyric acid and the ring closure proceeds 
quite satisfactorily. The influence of other carbocyclic groups is 
also under investigation. 

* The spiro-hydrocarbon, 1:2:3:4-tetrahydronaphthalene-8 :8-spiro- 
cyclopentane (IV) obtained by the reduction of the above keto 
compound (III) exhibited most interesting ring transformation 
on selenium dehydrogenation and furnished phenanthrene and 
anthracene by a vicinal or angular recombination after the opening up 
of the cyclopentane ring. The cyclopentane ring was not dehydros 
genated till it opened up and was transformed to a six membered ring. 
Similar observation regarding failure to dehydrogenate a five mems 
bered ring had been made by Ruzicka and Thomann (Helv, Chim. 
Acta, 1988, 11, 224). Clemo and Ormston (J. Chem. Boc., 1982, 1781) 
indicate the probability of similar ring transfor. ` ion of 1-ketocyclo- 
hexane-2: 2-spiro-cyclopentane (VII) by selenium dehydrogenation 
to naphthalene, though they had not practically verified it, This 
observation of the ring transformation of the spiro-hydrocarbon (IV) 
is of importance considering the present view of the structure of the 
sterols and bile acids, which are considered as containing a phenan- 
threne ring in the molecule. This view, however, follows from the 
fact that the Diels’s hydrocarbon (Diels, Gadke and Kórding, Anna- 
len, 1927, A59, 1), obtained by the selenium dehydrogenation of the 
sterols and bile acids, had been formulated to be a phenanthrene 
derivative (Rosenheim and King, Chem, Ind.; 1982, 51, 464; 
‘Wieland and Dane, Z. physiol. Chem., 1982, 210, 208). Even if 
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Diel8's hydrocarbon be a phenanthrene derivative (Ruzicka, Ehmann, 
Goldberg and Hosli, Helv Chim. Acta, 1988, 16, 888; Kon, J. 
Chem. Soc., 1988, 1081; Cook and Hewett, ibid., 1988, 1098) it 
cannot be definitely concluded that this phenanthrene ring structure 
is also pre-existent in the sterols and bile acid molecules. It is not 
improbable that a naphthalene-spiro-cyclopentane ring is present in 
the molecule whieh during selenium dehydrogenation forms a 
phenanthrene derivative. | 


COR | сон 
АЧ А. | CHg 
OH CH, CH 
H 2 
| | / as | | = 
NUI NZ C C 
со бн, CH, CH, CH, CH, 
(I) (II) 
CO CH, 
OH, OH CH, CH 
„ле ОН он. CH, 
< | vou 
CH, CH, OH, CH, CH, CH, 
( III) ( IV) 
Н.С OH, COH CH, CH, 
| coc! ` NC 
нс, 7 CX, CH, CH, 
бн, CH,CO,Me NZ CH, 
CO 
(V) | (VI) 
CH, 
HC /NCO .. 
| CH, CH, 
| 
H0N7 0N 


For the synthesis of 88-cyclopentane-y-phenylbutyric ‘acid, the 
- method for the synthesis of y-substituted butyric acids by the action 
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of the anhydrides of substituted succinic acids on aromatic com- 
pounds has been ‘utilised (Borsche and Saurenhsimer, Ber., 1914, 
47, 1645; Mayer and Stamm, Ber., 1028, 66, 1424; Haworth and co- 
workers, loc. cit.; Oppenheim, Ber., 1901, 84, 4228). 

The anhydride of cyclopentane-1-carboxy-l-acetic acid (Bardhan, 
J. Chem. Soc., 1928, 2599) was condensed with benzene in presence 
of anhydrous aluminium chloride, giving cyclopentane-1-benzoyl-1- 
acetic acid (I, = Н). That the reaction does not proceed in the 
alternative way, giving cyclopentane-1-acetophencne-1-carboxylic acid 
(VI), follows from the synthesis of the keto acid (I) by the following 
unambiguous method. The acid chloride of the methyl acid ester 
of cyclopentane-1-carboxy-l-acetic acid, having the constitution 
represented by formula (V) (Bardhan, loc. cit.) reacts with benzene 
in presence of aluminium chloride giving the methyl ester of cyclo- 
pentane-1-benzoyl-l-acetic acid (I, R=Me), which on hydrolysis 
gave cyclopentane-1-benzoyl-l-acetic acid (I, R=H). This keto acid 
on reduction by Olemmensen's method (Clemmensen, Ber., 1018, 
46, 1837) gave cyclopentane-1-benzyl-l-acetic acid (II), which on 
cyclisation with 85% sulphuric acid gave 1-keto-1:2:8 : 4-tetrahydro- 
naphthalene-8:8-spiro-cyclopentane (IIT), this on reduction by 
Clemmensen's method gave 1:2:3:4-tetrahydronaphthalene-3 :8. 
spiro-cylopentane (IV). Selenium dehydrogenation of this spiro-com- 
pound at 900-50? gave mainly phenanthrene and a little anthracene. 

Most interesting results are expected by the selenium dehydro- 
genation of the corresponding spiro-cyclohexane compounds and 
investigations in that d'rection are in progress. 


. EXPERIMENTAL. 


oycloPentane-1-benzoyl-l-acctie acid (I, R=H).—(a) Powdered 
aluminium chloride (27 g.) was slowly added to a mixture of | 
benzene (85 c.c.) and the anhydride of cyclopentane-1-acetio- 
l-carboxylic acid (81 g.) (Bardhan, loc. cit.) cooled in ice-water. 
Hydrogen chloride was evolved at the ordinary temperature. The 
mixture was allowed to stand overnight and the reaction completed 
by warming the mixture on the water-bath at  60-65° for 8 hours. 
The viscous brown product was treated with ice and dilute hydro- 
chlorie acid and the excess of benzene removed by steam distillation. 
The white solid was collected, washed with dilute hydrochlorio acid, 
extracted with hot sodium carbonate solution and Precipitated with 


1 


FORMATION AND TRANSFORMATION OF CARBON RING 993 


dilute hydrochloric acid. The acid was crystallised from reetified 
spirit as white plates, m.p. 165-66°, yield 28 в. (Found: С, 722 5 
Н, 6'8, C1,H 50g requires О, 72:4 ; H, 6'9 per cent). 

The semicarbazone, prepared in the methyl alcoholic solution in 
the usual manner, crystallised from rectified spirit, m.p. 162° 
(decomp.). (Found: C, 62°0; Н, 6'4. ©,5;H,,03N 3 requires С, 
62°2 ; Н, 6:6 per cent). 

(b) Powdered aluminium chloride (6 в.) was slowly added to a 
mixture of excess of benzene (20 c.c.) and the acid chloride of the 
methyl acid ester of cyclopentane-l-acetic-1-carboxylic acid (78 g.), 
cooled in ice water. The mixture was allowed to stand overnight 
and then heated to 60-65? for 3 hours, decomposed with ice and dilute 
hydrochloric acid and the excess of benzene distilled off in steam. 
The residual oil was extracted with ether, the ether extract washed 
with soda solution, dried, ether removed and the keto-ester distilled. 
at 182-88? /5mm. as a thick oil which readily solidified, m.p. 89-40°. 
(Found: С, 72:9 ; Н, 7:0. СН, Оз requires С, 78:2 ; Н, 7:8 per 
cent). The ester was hydrolysed with alcoholic potash, the alcohol 
distilled off, residue dissolved in water and on acidification with dilute 
hydrochloric acid the acid separated out, which was crystallised from 
spirit, m.p. 165-66°, the mixed m.p. with the keto acid prepared by 
method (a) was not depressed. 

cycloPentane-l-bensyl-l-acetic acid (II).—The previous keto 
acid (86 g.), amalgamated zinc (175 g.) and concentrated hydro- 
chlorie acid (175 о.о.) were allowed to stand at the ordinary tempera- 
ture for 8 hours and then boiled for 18 hours. After cooling the acid 
was filtered, dissolved in boiling sodium carbonate solution, 
acidified with hydrochloric acid and the white precipitated 
acid crystallised from dilute alcohol as fine long needles, m.p. 
99-100°, yield 25g. (Found: C, 76:8; Н, 8'1. C,4,H,405 re- 
quires C, 77°0 ; H, 8°2 per cent.). 

1-Кефо-1 :2:8 :4-tetrahydronaphthalene-8 :8-spiro-cyclopentane (IIL). 
—The foregoing acid (18 g.) was slowly added to a mixture of 
concentrated sulphuric acid (54 о.о.) and water (18 e.c.) and heated ' 
on the steam bath for 14 hours., diluted with ice water and the 
separated oil extracted with ether, washed with dilute &mmonia, 
dried, ether removed and distilled under reduced pressure. It is в 
thin colourless oil having a characteristic smell, b.p. 140-41? /Amm., 
yield 10g. (Found: C, 88°9 ; Н, 8°0. | C44H,40 requires C, 84'0; 
H, 8'0 per cent). 
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_ "The semicarbasone crystallised from dilute alcohol in needles, 
m.p. 178-74". | 

1:2:8:4-Tetrahydronaphthalene-3 :8-spiro-cyclopentane (ту) .—The 
former spiro-keto compound (9 g.), amalgamated zine (50 g.) 
and concentrated hydrochloric acid (50 o.c.) were boiled for 
24 hours, diluted with water, extracted with ether, the ether 
solution washed, dried, ether removed when ihe residue distilled 
at 118-14°/4 mm. as a colourless oil (5 g.) and a little unreduced 
keto compound (1g.) having a higher b.p. (Found: С, 90'1 ; Н, 9°. 
О, Hyg requires C, 90:8 ; Н, 9°7 per cent). 

г 1:2:8:4-Tetrahydronaphthalene-8 :8-spiro-cyclopentane (8 р.) жав 
heated with selenium (7 g.) in a metal-bath at 800-850? for 40 
hours.. The product was repeatedly extracted with ether, ether 
removed, and the residual oil distilled over sodium under reduced 
pressure ;-the first part a liquid distillate (A) contains phenanthrene 
and:some undehydrogenated product and the second fraction (B) which 
solidifies in the side tube of the distilling flask contains mixture of 
phenanthrene and anthracene. The fraction (A) was treated with 
alcohol and picric acid and the separated yellow picrate was recrys- 
tallised from alcohol. On decomposing this picrate with dilute ammo- 
nia а solid hydrocarbon was obtained which was crystallised from 
alcohol and identified as phenanthrene, m.p. and mixed m.p. with an 
authentic sample of phenanthrene was 100°. (Found: С, 94°8 ;.H, 
5:0. C,,H,, requires C, 04'4 ; Н, 5:6 per cent). The m.p. of the 
picrate and the mixed m.p. with an authentic sample of the picrate 
of phenanthrene was 145°. 

The fraction (B) was dissolved in a little warm benzene and 
allowed to crystallise. the first crop was collected and recrystallised 
from benzene ; this was identified as anthracene, m.p. and mixed 
m.p. with an authentic sample of anthracene was 218°. · 

The suthor desires to express his thanks to Dr. P. Neogi and Dr. 
M. Q. Khuda for the kind facilities they have given for carrying on 
this work and to Dr. Т, C. Bardhan for his kind help and interest in 
this investigation. | 
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Indigoid Vat Dyes of the Isatin Series. - 
Indole-thionaphtheneindigos. . . 


By Brgig Kumar GUHA Амр HARI PRASAD BASU-MALLI. 


' In view ofthe observation made by one of us (Guhs, J. Indian 
Chem. Вос., 1988, 10, 680) that the scarlet-red shades obtained from 
9.(5-methyl)-thionaphthene-acenaphthyleneindigo and ‘its halogen 
derivatives on cotton as well as on wool are deeper than those 
obtained from Ciba scarlet-G and its halogen derivatives (Guha, 
ibid., 1982, 9, 428), it appeared of interest to make a systematic 
study of similar vat dyes in the ‘isatin series as 3-indole-2/-thio- 
naphtheneindigo (Bezdzik and Friedlander, Monatsh., 1908, -9, 
870 ; Е. Р. 17162/06) and its dibromo derivative (E Р. 6490/07) 
have received technical application under the name of Thioindigo 
scarlet-R and Ciba red-G respectively. 


With this object in view, isatin and its various derivatives were 
condensed with 5-methyl-8-hydroxythionaphthene (Auwers and 
Arndt, Ber., 1909, 48, 541) and the following compounds prepared: 
8-indole-, 8-(5-chloro)- indole-, 8-(5-bromo)-indole-, 3-(5-iodo)-indole-, 
8-(6:7-dibromo)-indole-, 8-(5-bromo-7-nitro)-indole-, 8-(6 :7-dinitro)- 
indole-2/-(5'-methyl)-thionaphtheneindigo. It was noticed in every 
case that condensation proceeded with the greatest ease and the 
products separated rapidly in well-defined crystalline form. They 
are all soluble in pyridine with magenta red colour, soluble in 
aniline and nitrobenzene ; except the first named compound, 
which is moderately soluble in alcohol, the rest are very sparingly 
soluble in the same solvent. When heated above 810°, these dyes 
melt and quickly volatilise evolving coloured vapours of the respective 
substances which ‘deposit again as pure dyes (cf. Guha, loc. cit). 

These indigoid dyes dye wool evenly from an acid bath when 
freshly precipitated by water from the concentrated sulphuric acid 
solution in which they dissolve producing characteristic coloration. 
All of them, excepting the dinitro compound which forms a yellow 
vat, yield light yellow vat by means of alkaline hydrosulphite and 
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from it the dye is reprecipitated when exposed to air. The com- 
pounds described, are arranged above according to the gradual 
increase of the depth of the shades of the dyes obtained on wool 
as well as on cotton, Of the scarlet-red shades cbtained from the 
first four substances, the one that is obtained from the iodo com- 
pound is the deepest. The dibromo derivative produces & deep red 
shade. The bromonitro and the dinitro compounds give rise to 
dark red shades and the shade obtained from the latter 
is the deeper of the two. It has also been found that the scarlet 
red shades obtained from the indigoid dyes derived from isatin, 
its 5-chloro and 5-bromo derivatives are distinctly deeper than 
those obtained from the nearly corresponding dyes in the acenaph- 
thenequinone series (Guha, loc. cit). | 

Finally, for the purpose of comparison of dyeing shades on 
wool and on cotton, the analogously composed 2-(5-methyl)-thionaph- 
bhene-9/-phenanthreneindigo was prepared. This substance is dark 
chocolate, 16 dyes wool in brown shades from an acid bath and 
dyes cotton in dull brown colour froma yellow alkaline hydrosul- 
phite vat. 

It has been assumed that the §-ketonic group in isatin and its 
various derivatives takes part in the reaction from the analogy of 
the constitution of the similar compound, 8-indole-2-thionaphthene- 
indigo and its dibromo derivative (Гос. cit.). 


EXPERIMENTAL, 


5:7-Dinitrotsatin.—In preparing this substance we have 
employed the following modification of Menon, Perkin and Robin- 
sons’ method (J. Chem. Soc., 1980, 840) which also gave pure and 
almost quantitative yield. То a solution of powdered isatin (2°5 g.) 
in strong sulphuric acid (d 1:84, 25 с.о.) cooled to 0°, finely 
powdered potassium nitrate (25 g.) was added in small quantities ata 
time, keeping the temperature within 15° and the mixture stirred 
thoroughly. The resulting thick brownish-yellow mixture was allowed _ 
to attdin room temperature and then heated on a water-bath at 50-65? 
with continuous stirring. After one hour canary yellow precipitate 
began to separate, the heating was continued for 2 hours more when 
the separation was almost complete; the mixture poured into crushed 
ice with stirring and allowed to stand overnight in a cooled chamber 
and: filtered ; the residue on the filter paper was washed well with 
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ice-cold water and dried. It was finally crystallised from xylene in 
prisms, m. p. 209-10° yield 2'8 в. | 

It is readily soluble in pyridine, acetone, ethyl acetate; soluble 
in acetic acid, alcohol, amyl alcohol, xylene and in hot water ; 
sparingly soluble in chloroform, benzene and ether ; insoluble in 
ligroin and carbon tetrachloride. 


8-Indole-2!-(5'-methyl)\-thionaphtheneindigo. 
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Isatin (0:204 g.), dissolved in boiling glacial acetic acid, was 
mixed with 5-methyl-3-hydroxythionaphthene (0'828 р.) in hot acetic 
acid (10 в.с.). The resulting red-brown solution, on treatment with 
a small quantity of strong hydrochloric acid and shaking turned 
dark red (almost black) and silky scarlet red beautiful needles 
separated. The mixture was boiled for 16-20 minutes to complete 
the reaction, filtered while still hot, washed with acetic acid and 
with hot water. It was purified by heating with 50% acetic acid 
and finally crystallised from acetic acid in fibre-like silky scarlet 
red needles. The substance is soluble in chloroform, acetone, 
acetic acid, toluene and less so in benzene ; sparingly soluble 
in carbon te trachloride and ligroin. Strong sulphuric acid dissolves 
it with olive brown coloration. It dyes wool in brilliant and plea- 
sant scarlet red shade from an acid bath and dyes cotton in light red 
shade from an alkaline hydrosulphite vat at 50-60°. Attempts to 
dye cotton from cold hydrosulphite vat in order 'o obtain the desired 
deep scarlet red shade were not, however, met with success (of. 
8-indole-2/-thionaphtheneindigo, Rowe, Oolour Index No. 1225, 1924 
edition), (Found. 5, 11°19. ©,,H,,0,NS requires 8, 10:09 
per cent). А 

The indole-thionaphtheneindigos described in Table І were 
prepared in & similar way. They were purified by boiling with 
alcohol and finally crystallised from pyridine, washed with dilute 
hydrochloric acid, hot water and dried at 190°, 
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* 2-(5-Methyl)-thionaphthene-9!-phenanthreneindigo. 
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The dye is soluble in amyl alcohol, xylene, pyridine, aniline 
and nitrobenzene ; moderately in chloroform, acetic acid and 
- benzene; sparingly soluble in acetone, and alcohol; strong sulphuric 
acid dissolves it with reddish-brown coloration, (Found: 8, 8:80. 
O93H,40.28 requires В, 9°04 per cent). 

We thank Dr. К. 8. Caldwell B.8c., Ph. D., Principal, Science 
Dollege, Patna, for taking interest during the progress of this work. 


Scrance Оотлвая, 
РАТКА (B. & O.). Received February 14, 1984. 


* The compound was prepared by methods already described from phenanthra- 
quinone (0°416 g.), methyl hydroxythionaphthene (0'828 g.) in glacial acetic acid 
solution with traces of hydrochloric acid and purified аз usual, m.p. 800°, 
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The Synthesis of o-Aldehydocarboxylic Acids. 
Ву Jom Н. GARDNER. I 


In а. recent paper, Chakravarti describes as a general method 
for the synthesis of substituted phthalaldehyde acids, the oxidation 
of symmetrically substituted naphthalene derivatives to phthalonic 
acids followed by the décomposition of the latter to the phthalalde- 
hyde acids (Chakravarti, J. Indian Chem. Soc., 1988, 10, 698). 
As в specific example, he described in detail the preparation of 5-me- 
thoxyphthalaldehyde acid from, 2:6-dimethoxynaphthalene. Since 
this work is very close to some investigations which have been 
carried out in this laboratory, some of which have been published, 
it was thought desirable to report some of our results at this time. 
I wish to state explicitly that there is no intention of disputing 
Chakravarti’s priority in demonstrating that this method is of general 
application. 

As a preiliminary study, the oxidation of a-methoxynaphthalens 
was studied. While it was expected that the main product would 
be phthalonic acid, it was hoped that the ring bearing the methoxyl 
group would be sufficiently resistant to oxidation to permit of the 
formation of some methoxyphthalonio acid. However, when в 
solution of the oxidation product was treated with aniline, the aniline 
condensation product of phthalonic acid was obtained in good yield 
and purity. Its identity was confirmed by conversion to the aniline 
derivative of phthalaldehyde acid. There was no evidence of the 
presence of any methoxyphthalonic acid. 

Later, 8 :6-dimethoxynaphthalene was oxidised ina similar way 
with alkaline permanganate. 8-Methoxyphthalonic acid was formed 
as was shown by its conversion to 8-methoxyphthalaldehyde acid 
(Naylor and Gardner, J. Amer. Chem. Joc., 1981, 88, 4109). As 
this work has already been published elsewhere, 16 will not be repeat- 


ed here. 
EXPERIMENTAL. 


Ozidation of | a-methozgnaphthalene.—a-Methoxynaphthalene 
(80:5g.) was suspended in 0°5N-sodium hydroxide (500 o. с.). А hot 
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solution of potassium permanganate (212 в.) in water (1500 c.o.) 
was added during 1j hours. The mixture was boiled for $ hour after 
the last addition of permanganate. Ethyl alcohol was added to 
decompose any remaining permanganate. The solution was cooled 
and filtered. The filtrate was acidified with hydrochloric acid апа 
evaporated to 600 e.c. Aniline (100 o.c.) was added and the mixture 
was heated on the water-bath for 14 hours. It was then filtered. 
There was precipitated 89 р. of the aniline derivative of phthalonic 
acid, m.p. 159-60° (decomp.), after crystallisation from alcohol. 

Decomposition of the aniline derivative of phthalonic acid, —A. 
suspension of the aniline derivative of phthalonic acid (28 g.) ir 
sodium-dried xylene (190 c.c.) was boiled for 1$ hours. After cooling 
the solid precipitate was filtered out, yield 10 g., m.p. 175-76? after 
crystallisation from alcohol. A mixed melting point with the aniline 
derivative of phthalaldehyde acid (m.p. 176-77°) melted ab 176-77°, 
showing that the materials were identical. 


. DEPARTMENT OF ÜHEMISTBTY, 
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A Note on the Use of Dimercaptothiobiazole as 
an Analytical Reagent. 


Bv JAGANNATH GUPTA. 


N——N 
Dimercaptothiobiazole | | 
H8'O C'8H 
| Ng 
has been found to be в very convenient reagent for the estimation 
of copper, lead and bismuth, and for their separation from the metals 
of the 11 A and the rest of the analytical groups (As, Sb, Sn, Мо, 
Fe, Zn, еёс.). The substance serves also as a very sensitive micro- 
reagent for Cu and Bi. This work was completed in this laboratory 
by the end of December, 1983, under the guidance and suggestion 
of Prof. P. R. Ray and is now ready for submission as a part 
of my thesis for the ensuing M.Sc, examination in July. 

In the meantime a paper by Dubsky and Ok&e on '' Qualitativer 
Nachweis des Wismuts mit schwefelhaltigen organischen Rea- 
. genzien—1. Nachweis mit Dimercaptothio-diazol °’ has appeared 
in the Z. anal. Chem., 96, (1984), 267. Ав our work cannot be pub- 
lished before my examination is over, 1 is necessary that 
& short note should now be communicated, though not with any, 
intention of claiming priority so far as the reaction for Bi is con- 
cerned, but simply as в justification of our independent work in 
connection with Bi and as a reservation of our right with reference 
to Cu and Pb. 

Copper has been separated in dilute acid solution from Zn, Mn, 
Ni, Co, Mo, Wo and Fe (in the ferrous state by treatment 
with 805), from As and Sn** in tartaric acid solution, and from Ви 
and Sb in the presence of sodium fluoride. Lead has been separated 
from Sn** in presence of tartaric acid, and from As, Bb and Sn in 
presence of tartaric acid and sodium fluoride. A similar separation 
has also been effected in the case of bismuth. 
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REVIEW 


. Essai sur la Chimie Comparió—Les corps simples—by Dr. І. N. 
Longinescu, Paris:. Published by Les Presses Universitaires de 
France 1982. | 


The author considers that in the study of inorganic chemistry 
insufficient attention has been paid to the relations among the mem- 
bers of the groups of the periodic system and hence attempts to fill 
up the deficiency. Undoubtedly. the comparative treatment is 
advantageous and this small treatise may be locked upon as a good 
supplement to the existing works. Eiphraim’s Anorganische Chemie 
is planned on the same line. р 

Prof. Longmescu’s second volume dealing with the binary com- 
pounds based on the same principle is awaited with interest. 


P. B. В. 


SIR P. C. RAY SEVENTIETH BIRTHDAY 


COMMEMORATION MEDAL , 


Applications are invited for the: above medal from young Indian 
Chemists below thirty years of age for the best_single original contri- 
bution published in the Journal of the Indian Chemical Society 
during 1034. The relevant rules are given below. 

The award for 1983 has been made in favour of Mr. B. K. Ray 
for his work on '' Studies on Polyhalides."' 

P. RAY, 
| Hony. Secretary, 
4 Indian Chemical Society. 


RULES 


1. The medal will be awarded annually for the best original 
paper (single and not joint) on any subject in Chemistry published in 
the Journal of the Indian Chemical Society only. 


2. The competition for the medal shall be open to candidates 
whose age must not exceed thirty. 


8, The candidates for the prize shall be required to submit an 
age certificate or corroboration of the same, confirmed by the Head 
of the department where they have worked. 


.4. The candidates, when communicating for publication in-the 
Society’s Journal, the paper intended for competition, must clearly 
make a statement to that effect. 


b. The candidates for the medal shall submit their application 
not later than 81st October in every year, stating the title of their 
papers and the issue öf the Journal in which they have been pub- 
lished. ' " 


6. Мо paper, which was submitted or has already been sub- 
mitted for any other prizes or any ‘examination, other than the M.A. 
or М.б. examination of the Indian Universities will be accepted for 
the present competition. 


7. The merits of the papers shall be judged either by the 
Council of the Society or by the Board of Examiners, appointed by 
it, whose decision shall be considered final. 





The Chemistry of Jute-lignin. Part III. 
Action of Nitric Acid on Lignin. 


By PULIN BRHARI ВАВКАВ. 


The present investigation deals with the action of nitric acid on 
jute-lignin under varying conditions. Much work has been done in 
this line with other lignins with a view to elucidate their structure but 
different products have been obtained in different yields in each 
саве. Oxalic acid (Rassow and Zickmann, J. pr. Chem., 1929, 128, 
217; Hauser and co-workers, Cellulosechem., 1921, 2, 18) has been 
almost invariably obtained, whilst some have noticed melliotic 
acid (Fisher, Schrader and Frederick, Ges. Ab. Kent. Hohle, 1921, 
6,1; Horn, Bernstoff Chem., 1929, 10, 364) and others nitro com- 
pounds (Powell and Whittaker, J. Chem. Boc., 1924, 128, 857). The 
production of oxalic acid in preponderent amount would point out 
to a carbohydrate structure as advanced by Willst&tter and his 
colaborators (Ber., 1922, 88, 2687) whilst melliotic acid, although 
the question of drastic action in its formation is not precluded, 
would support the benzene structure of Schrauth (Z. angew. Ohem., 
1925, 86, 149). Jute-lignin gives oxalic acid. (maximum yield, 88%) 
and a nitro product (yield varying from nil to 80%) under certain 
conditions. . Oxalic acid has now been found among the oxidstion 
products of catechol and protocatechuic acid which are degradation 
products of jute-lignin (J. Indian Chem. Soc., 1988, 10, 268). This 
Observation, therefore, supports Freudenberg and his co-workers 
(Ber., 1927, 60, 581) in their view that lignin contains piperonylic 
acid residue. Table I gives the oxidation results and the production 
of oxalic acid under varying conditions. Itis found that at the 
same temperature the greater the concentration of. nitric acid, the 
greater is the amount of oxalic acid formed. Using the same 
strength of acid the yield increases with the temperature.  Oatalysts 
like vanadium pentoxide and ammonium vanadate diminish the 
yield, 
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Among the products of oxidation neither melliotic acid nor any 
sugar, аз has been observed by Rasow and Linde (2. angew. Chem., 
1981, 44, 831), could be detected but acetic acid has been found, 
probably due to the oxidation of side chain. Contrary - to the 
observation of Cross and Bevan (‘‘Cellulose’’, 1918, p. 146), nitric acid 
in the presence of urea in excess has been found to have oxidising 
action on jute-lignin although toa less extent. Attempts to purify 
and identify the nitro product were поб success:ul, It was not 
a homogeneous product, partly soluble and partly insoluble in 
water. It reduced Fehling’s solution. Boiling with strong alkali 
did not give ammonia, neither could it affect the ОСН. group 
showing that the latter is not in the form of an ester, Carboxyl group 
was found tobe absent and the product could not be precipitated 
by carbon dioxide from alkaline solution. The nitro group could not be 
reduced and diazotisation failed after reduction. Neutral ammoniacal 
solution of the substance gave a silver salt. Table II gives the analy- 
ses of the nitro products obtained under varying conditions. It is 
found that the stronger the acid used, the lower is the methoxyl 
value and higher ів the percentage of silver in silver salt ; 
percentage of nitrogen and methoxyl vary inversely. | 


EXPERIMENTAL., 


Preparation of jute-lignin.—Jute, previously boiled with1% caustic 
potash for 1 hour, was treated with fuming hydrochloric acid for 
6 hours. To the crumbled powder, thus obtained, 75% sulphuric 
acid was then slowly added with vigorous stirring and lignin was 
separated in the usual way after 10-12 hours. 

Oxidation with nitric acid,—Oxidation was done with dilute as well 
as strong nitric acid. То dried and freshly prepared lignin (1g.) nitric 
acid (50 c. c)) was slowly added with occasional shaking. When 
strong acid was used the reaction mixture was cooled by ice. 


Reaction at 100° was done іп a flask with an all glass reflux | 


condenser. The mass was diluted with water, neutralised. by 
ammonia and oxalic acid estimated as calcium oxalate. ‘The acid 
obtained from the calcium salt had m. p.101° and was identical with 
oxalic acid. Oxidation was also done in presence of catalysts like 
VO, and ammonium vanadate, 
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.ТАвіЕ I. 
Strength of Temp. Oxalic aoid Time. Residue. 
nitric acid. | | (anhydrous). 
Faming 27° 24:8 g. 4 hrs. 330 р. 
ji 100 881 2 hrs. 0:10 
С 14) P. . 28°67 4 days 4'6 
ji 100 84-0 2 hrs. 016 
BN 29 21-0 4 days 109 
ik 100 92:6 2 hrs. 1:26 
9-5N | 80 16-76 4 daya 46:80 
ii 100 990 4 hrs. 297 
N 30 11-6 4 двув 80°76 
is 100 210 4 bre. 7-95 
N/2 80 7-45 4 days 78°79 
» 100 17:69 4 hra. 13°14 
N/4 80 4'2 5 days 81'6 
100 15-58 4 hrs. 24°09 


Action inthe presence of urea.—(a) Lignin (1:25 g.), 2'5N -nitric 
acid (50 с. в.) and urea (10 g.) were heated for 4 hours at 100°. 
1:25 G. of unehanged lignin was recovered. 

(b) Lignin (1:85 g.) was added to & well cooled mixture of urea 
(6 g.) and strong nitric acid (d 1°41 ; 86 о. в.) and the mixture 
was well stirred and allowed to stand for 4 days at room temperature. 
0:4450 С. of calcium oxalate was obtained corresponding to 
1°996% oxalic acid. 

Action of nitrous acid.—To в mixture of lignin (0'95 р.) and 
coarsely powdered sodium nitrite (70 g.) sufficient hydrochloric acid 
was added until effervescence ceased and the mixture was allowed 
to stand for 8 days ; 0'144 g. of oxalic acid corresponding to 15'2 95 
yield, was recovered from the reaction mixture. 


Preparation of nitro produot.—Lignin (10 р.) was treated with 
nitric acid (800 o.c.) with occasional stirring. The mixture, diluted 
with water, was filtered and the solid residue washed free from acid 
was redissolved in ammonia and filtered. The filtrate, when acidified 
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with hydrochloric acid, gave & deep brown substance which was dried 
ab 110° and analysed. It was soluble in dilute alkalis and sodium 


carbonate solution but was insoluble in most organic solvents. m 

Tasty II. - b 
| Btrength of Solid. Methoxyl, Nitrogen’ Bilver. . Hydroxyl. 

nitric acid. (Kjeldahl). 

Fuming BBY, . 8`971%; _ 61% 867199 ` 1061% 

Strong ' | Ё | 

(4 141) {6 9°39 5°82 25°76 10°0 

ENS 16:9 9-82 532 888 9:89 

аву | 408  — — 978 - 540 89:84 8°70 

N (a$100) 71 10°20 4°87 91°45 8'9 

OEN (at 100°) 11:6 961. | 491 — S067 7-85 

Е My grateful thanks are due to Professor Dr. J. K. Chowdhury г 


Чог his kind and sympathetic encouragement during the course of the 
work and to Professor J. C. Ghosh for giving me every faoility to 
carry it out. | 
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Condensation of Pyruvie Acid with Aldehydes. 
Bx Ragenpra МАТН BEN AND Bryan Kumar бем. 


Claisen and Claparede (Ber., 1882, 18, 2472) first condensed 
pyruvic acid with benzaldehyde using dry hydrochloric acid gas as 
condensing agent and subsequently Erlenmeyer (Вег., 1908, 88, 
2567; 1904, 87, 1818) and Lubruzyuska and Smedley (Biochem. J., 
1918, 7, 875) studied the condensation of pyruvic acid with different 
aldehydes, ¢.g., benzaldehyde, cinnamic aldehyde, anisaldehyde and 
piperonal in presence of dilute caustic potash solution. The reaction 
proceeded in all cases at the laboratory temperature and the time 
- required varied from 2 to 7 days and the yields varied from 50 
to 70% of the theoretical. 

The object of the present work ів to study further the condensa- 
tion of pyruvic acid with benzaldehyde, substituted benzaldehydes 
and a few other aldehydes, aliphatic and heterocyclic, with a view to 
work out the optimum conditions under which the reaction may take 
place and also to see if the resulting a-keto-B-unsaturated acids can be 
converted into ring compounds on treatment with suitable de- 
hydrating agents. 

It has been found that a saturated solution of alcoholic caustic 
potash is the best condensing agent, which effects the condensation 
of benzaldehyde with pyruvic acid completely in 15—20 minutes at 
the ordinary temperature producing the potassium salt of the acid in 
good yield. The acid is identical in properties to the compound 
degoribed by Olaisen and Claperede (loc. cit.) and also by, Erlenmeyer 
(loc. oit.). It gives a hydrazone and the presence of the ethylene 
linking is proved by the formation ofa dibromo derivative. On 
heating the acid with acetic acid and fused sodium acetate at 180-90° 
ring formation takes place and the resulting product, decomposing 
at 115-20° and producing phthalic acid on oxidation, has been defi- 
nitely identified with 8-naphthaquinone. 

The condensations of the nitrobenzaldehydes with pyruvic 
acid in presence of alcoholic potash have led to interesting 
results. The unsaturated acid from p-nitrobenzaldehyde is yellow, 
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А remarkable phenomenon has been noticed on heating the yellow 
acid to 160-65°, when it changes to a red variety, which has been 
found to have the same composition ав the yellow variety, the two 
varieties differing also in their solubilities. ‘The red variety is again 
transformed into the yellow variety on continued boiling with dilute 
alcohol. This may be а case of geometrical isomerism ог chromo- 
isomerism (nitro and acinitro compounds). 

It has been further observed that the yellow compound, when 
heated to 175-80°, at first changes to the red variety and is then 
transformed into a ring compound which is insoluble in sodium 
bicarbonate and does not melt up to 230°. Ав the possibility of the 
ring formation is greater when the OOOH group and the phenyl radi- 
cal are on the same side, it appears that the red form corresponds to 
the syn-structure and the yellow form to the anti-structure. Ib has 
not been possible to isolate two isomers in the case of the acid de- 
rived from m-nitrobenzaldehyde, which is dull red. In this case 
ready ring formation does not take place. The condensation of o-nitro- 
benzaldehyde with pyruvic acid leads to the formation of 10% indigo 
and a small quantity of adull red compound which has not been 
further investigated, Indigo is probably thus formed: 


| OHO H(OH):'CH4:C0:COOH 
20,8,Q + 20H, CO'COOH—>20,H, 
МО, NOs (not isolated) 


CO CO 
бн, »o-« ен 
NH NH 


Cinnamic aldehyde, piperonal and anisaldehyde have been con- 
" densed with pyruvic acid and it has been- generelly found that the 
condensations readily take place with alcoholic caustic potash, while 
16 requires several days for the completion ofthe reaction in the 
presence of hydrochloric acid. 
As previously noticed by Erlenmeyer (loc. cit.) and also by 
Labrazyusks and Smedley (loc. cit.) the unsaturated acids derived 
- from cinnamic aldehyde, as well as piperonal, also exist in two isomeric 
forms; one variety readily changing to the other form. All these 
keto acids аге converted into ring compounds by heating with acetio 
anhydride and fused sodium acetate; the acid from cinnamic aldehyde 
producing an eight-membered ring compound (cf. Sen and Roy, 
J. Indian Chem. Boc., 1980; 7, 402) which is insoluble im sodium 
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carbonate but breaks on heating with dilute alkalis and also 
with water. 


Furfural and citral have also easily been condensed with pyruvic 
acid in the presence of alcoholic caustic potash to produce 
the keto acids which yield hydrazones and bromo derivatives; but 
it has not been possible to obtain ring compounds from them. 

The condensation of the hydroxybenzaldehydes, в. g., o- and p-hy- 
droxybenzaldehydes, Jf-resoroylaldehyde with pyruvic acid is an 
interesting study; while p-hydroxybenzaldehyde condenses in the 
presence of alcoholic potash as well as hydrochloric acid gas to form 
the keto-unsaturated acid, salicylaldehyde produces using either 
of the condensing agents a mixture of two compounds; one, a yellow 
crystalline substance decomposing at 185-00? and another, a red 
compound. It appears that the yellow product is the free hydroxy 
acid, while the red compund is the lactone, which is insoluble in 


CH=CH'CO COOH 


OH 
(Y Wu 
==> | 
CO 
ғ No ow 
OH 


sodium carbonate but breaks and dissolves when kept in contact with 
water or with dilute caustic alkalis. The free acid, on boiling with 
strong hydrochloric acid, produces the lactone (red compound). 
B-Resoreylaldehyde condenses with pyruvie acid at 220° using 
concentrated hydrochloric acid to produce a seven-membered lactone, 
which breaks up in contact with dilute alkalis. It is interesting to 
note that these seven-membered lactones from salicylaldehyde and 
B-resorcylaldehyde have dyeing properties like similar compounds from 
levulinie acid (cf. Sen and Roy, loo. cit.); the lactone from salioyl- 
aldehyde dyeing silk a yellowish-red shade while the lactone from 
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B-resoreylaldehyde dyes a deeper shade. Coumarin, a six-membered 
lactone, possesses neither colour nor any dyeing prcperby. The dye- 
ing property and colour of these lactones can only be attributed to 
their being seven-membered ones, with two CO groups. d 
Glucose has also been condensed with pyruvic acid in the presence 
of dry hydrochloric acid gas to form in 90% yield а deep red com- 
pound, which behaves like a lactone breaking up when kept in contact 
with dilute alkalis. This compound has probably got the following 
structure : d 


CO CO 
| 
CH 
| 
CH 
| 
O CH—CHOH'CHOH'CHOH'CH,OH 
EXPERIMENTAL, 


Cinnamylformic acid.—To в mixture of pyruvic acid (8°5 o. o.) 
and benzaldehyde (5’5 с. в.}, alcoholic caustic potash (2 р. in 
10 e. c. rectified spirit) was added drop by drop in the cold and the 
mixture shaken. The colour deepened and in 15 minutes the mixture 
solidified. The solid mass of potassium salt was purified from hot 
alcohol. (Found: К, 18°12. C,9,H, O4 K requires К, 18°22 per cent). 
The free acid is a yellow thick liquid and was purified by washing with 
hot water and was then extracted with ether, the ethereal solution 
dried and the ether evaporated off in vacuum, yield 5 в. (Found: 
C, 67:67; Н, 4°51. С,.Н;0Оз requires С, 68°19 ; Н, 4°55 per cent). 

The dibromo derivative, prepared by shaking the alcoholic solution 
of the acid with bromine water, crystallised from dilute alcohol as 
yellowish needles. (Found: Br, 47°71. C;9HgOgBrg requires Br, 
47°61 per cent). 

The phenylhydrazone, prepared in the usual manner, was obtained 
from dilute alcohol as an orange-red compound. (Found: М, 103. 
C4 6H, 404Ns requires №, 10°53 per cent). ' 

The ring compound (8-naphthaquinone) was obained by heating the 
acid with acetic anhydride and fused sodium acetate at 180-00? for 
nearly 8 hours. The whole mass was then poured into а solution of 
sodium bicarbonate and left overnight. А red mass separated which. 
was repeatedly washed with hot water and finally purified from 
rectified spirit. It decomposes at 115-20° and is identical .with. 
B-naphthaquinone in solubilities and in other, properties, Lm 
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Condensation of salicylaldehyde with pyruvic acid. (i) With 
alcoholic potash,—Pyruvic acid (B'5 c. c.)and salicylaidehyde (5 c. o.) 
were condensed in presence of caustic potash (2'5g.) dissolved in 
alcohol (10 с. c.). On acidification two products were obtained: one 
is а yellow crystalline substance found to be the free acid while 
the other, a red compound, is the lactone of the acid. 

(i) With HCl.—The condensation was also effected by passing 
dry hydrochloric acid gas through a mixture of the two and leaving 
the whole thing for & week. On pouring the mixture into a little 
alcohol, the yellow free acid separated. It was purified by dissolving 
in caustic вода, the alkaline solution extracted with ether to 
remove unaltered aldehyde and then acidified. It was finally purified 
from alcohol or chloroform, yield 20%. It decomposes at 185-90°. 
(Found: C, 62°88; Н, 4°61. С\ НО. requires С, 62°5 ; Н, 417 
per cent). | 

On diluting the alcoholic solution after removal of the yellow free 
acid, a red compound was obtained. 16 was purified by washing with 
chloroform to remove the free acid. It does not melt up to 285°. 
It is soluble in alcohol, ether, acetic acid, insoluble in benzene, 
carbon bisulphide and carbon tetrachloride. It is very unstable 
easily changing to yellow acid on boiling with alcohol, water or dilute 
alkali, Itdyes silk a yellow shade. (Found: О, 68°77 ; Н, 8:91 
C1 oH,03 requires О, 68:08 ; H, 8°45 per cent). 

Condensation of B-resorcylaldehyde with pyruvic acid.—A mixture 
of pyruvic acid (8'6 с. с.), B-resorcylaldehyde (D g.), concentrated 
hydrochloric acid (20 с. o.), was heated at 200-20° for nearly 2 hours 
when в red compound separated. It was purified from acetic acid or 
alcohol. It dyes silk a red shade. (Found: С, 62°71 ; Н. 8:90. 
C44 H40, requires О, 62:84 ; Н, 8°67 per cent). 

Condensation of glucose with pyruvic acid.—Dry hydrochlorio 
acid gas was passed for nearly 2] ours through a solution of glucose 
(8 &.) and pyruvic acid (4 о. с.) in aleohol (20 в. c.) and the whole 
thing was kept for 5 days. On pouring the mixture into water a deep 
red compound was obtained. It was purified by precipitation from 
dilute alcohol. It does not melt up to 240°. (Found: С, 46°84 ;. 
Н, 5:49. Op H, 90, requires C, 46:84 ; Н, 5°17 per cent). б 
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Note on the Formation of à Ruby-red Jelly of 
Zirconium Sulphosalicylic Acid 


By Sarva PRAKASH AND LAXMI NARAIN BHARGAVA. 


The preparation and properties of zirconium sulphosalicylic acid 
jellies have already been reported (J.: Indian Chem. Boc., 1988, 10, 
281). It was observed that when в ‘concentrated solution of 
zirconium oxychloride is added to а strong solution of 6-sulpho. 
salicylic acid, the mixture on standing for some hours sets to 
transparent or opalescent jellies. The authors have now observed 
that when zirconium sulphosalicylic acid jelly is allowed to set in 
presence of aluminium nitrate or nitric acid solution, it begins to 
develop в reddish tinge after a few’ hours and by the time of the set- 
ting of the jelly it assumes а very fine- ruby-red colour. The colour 
of the jelly is preserved for months. 

Different amounts of 509% sulphosalicylio acid (8:09N) were mixed 
with & solution of zirconium oxychloridé, corresponding to 810°68 g. 
ZrOg per litrein presence of 0°914N aluminium nitrate solution 
and the following observations were made. 


TABLE ТГ. 


Total volume was made ир to 5 c.c. by adding water. ZrOCly=1 о.о. 


Bulphosalicylio acid. Aluminium nitrate. Observations, 
2*0 o.c. 0 c.c. White opalescent jelly in 16 hrs. 
8:0 ,.1'0 Slightly pink jelly in 19 hrs. 
2*0 ; 1°5 Pink jelly in 91 hrs. with opa 
| lescence. 
2'5 0'0 White opalescent jelly in 21 hra. 
25 i 1'9 теи ruby-red jelly in 
* 28 bra. _ 


9b "m 1"5 Transparent ruby-red jelly in 
24 hrsg. 
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TABLE II. 
Total volume- 5 c.c. ZrOCl, —1 o.c. 
Sulphosslicylic acid. ` HNO; (1'089N). Observations. 
2'0 o.c 0 е.в. ely in 40 jelly in 16 hrs. 
2'0 1'0 Dix jelly in 40 hrs. 
^ 20 1'5 Red jelly in 40 hrs. 
80 - 9-0 Ruby.red jelly in 50 hrs. 
2'5 `0 White opalescent jelly in 21 hrs. 
85 1% Ruby-red jelly in 40 hrs. 
25 T5 Ruby-red jelly i in 40 hrs. 


The development of colour has also been studied by Nutting’s 


spectrophotometer in the regions 5400A and 6600 A. For com- 
parison, the results with the jelly to which no aluminium nitrate 
was added аге also given. The jelly was prepared by mixing 3 с. c. of 
zirconium oxychloride and 4 с. o. of sulphosalicylic acid with 5 с. с. 
of water in the case of blank jelly and with 5 о.о. of 0'014N 
aluminium nitrate in the case of ruby-red jelly. Time of the setting 
of the jelly was 42 hours. 


TABLE III. 
Time. ‘Hxtinction coefficients 
Colourless jelly. | Red “jelly. 
- pR—— MO BÜÓÁ B ить e sn ng eii ё 
Region—» 5400 А. 6600 А. 5400 А. 6600-À. 
0 day 010 0°08 0-08 0°04 
1 011 0'19 0*10 0°04 
8 011 0:18 0:88 015 ^^ 
8 0°16 0 15 0°52 0715 
4 0°28 0°16 0°80 0°17 
8 0'25 0:15 1°88 017 


The results of Table III show that during the course of 8 days, 
in the jelly to which no aluminium nitrate was added, the absorption 
in both the regions was almost of the same order, while in the 


т - . 0 
presence of nitrate, the absorption in the red region, 6600 A, is 
almost the same as in the case of colourless jelly but the, opacity 


is much developed in the green region 5400 À. 

The colour of the jellies in the case of nitric acid becomes 
yellowish brown on keeping for a month, while in presence of 
aluminium nitrate, it remains as such. In presence of sodium 
nitrate, a jubiliant yellow coloured jelly is obtained. 


CHEMISTRY DEPARTMENT, : 
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Two New Methods of Synthesis of Norpinic Acid. 


Ву К, М. GarND AND P. С. GUEA. 


А number of unsuccessful attempts (Ganguli, J. Indian Inst. Sci., 
1922, 8, 28; Clemo and Welch, J. Chem. Koc., 1928, 2621) have 
been made to achieve the synthesis of norpinic acid to which Bayer 
assigned the formula (1). 


CN 
HO,C'CH 
Мә,0( CH, о p ш 
CH-CO,H Mes CQ. Уон, 
C—CO,H 
(1) N 
CN 
(1D) 


Kerr (J. Amer. Chem. Soc., 1929, 51, 614) has, however, finally 
succeeded in achieving this synthesis by the condensation of the 
sodium derivative of Gaureschi imide with methylene iodide , and by 
hydrolysing the bridged imide thus formed into the cyano acid 
(II) and finally into trans-norpinic acid (I). Shoppes and Simonsen 
(J. Soc. Chem. Ind., 1929, 48, .780) converted this into cis- 
norpinic anhydride and the cis-acid, and established its identity 
with the acid obtained from dl-pinonic acid. As Kerr’s method 
is round about and when repeated in this laboratory was found 
not to give the yield described by the author, it seemed desirable 
to try the synthesis of this acid by the ‘condensation of sodium 
methylenedimaslonic ester and 88-dichloropropane. Itis to be men- 
tioned here that though this scheme is not much different from the 
unsuccessful scheme of Clemo and Welch (loc. cit.), the success 
achieved in these experiments is primarily due to the application of a 
convenient method* discovered by one of us (P. C. G.), viz., of bring- 
ing about the condensation of alkylenedihalides with suitable disodium 


* This method has already been found to be of general applicability and hag 
been adopted for the synthesis of ethyl ketoapopinane dicarboxylate by the action of 
trimethylene bromide upon the disodium derivative of ketonorpinie ester, also in 
bridging succinosucoinio ester via its disodium derivative by means of methylene 
1odide, eto, (cf. Current Science, 1038, 2, 68), 
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derivative of compounds in benzene suspension by prolonged heating 
іп a sealed vessel af в high temperature, thus leading to the forma- 
tion of ring-closed compounds. ‘The tetracarboxylic ester (IIT), 


CNa(CO,Et), 
Meg | t CHgls 
TV 5 C(COg Et), 
Мөс усн, 
СМа(СО,Е%) — С(СО»„ Ей) 
CH, T CMe,Cl,—! 
CNa(CO,Et), ( 
I) 


obtained by the action of methylene iodide and f8-diehloropropane 
respectively upon the disodium derivatives of isopropylidenedimalonic 
ester and methylenedimalonie ester has yielded norpinie acid on 
hydrolysis sand decarboxylation according to the following 


scheme: 


C(COgEt)s hydrolysis C(CO& H)s 
Meck “сн, > мә CH, | 
(СОг), G(CO н), 


(ТУ) 
E CH'CO,H 
——» Me, < ‘усн, 
| CH:CO,H 


+ 


(I) 


Ав the result of a large number of experiments conducted under 
varying conditions it has been possible to effect considerable improve- 
ment upon the method of preparation of isopropylidenemalonie and 
dimalonie esters described by Clemo and Welch. 


EXPERIMENTAL. 


Preparation of isopropylidenemalonic ester.—A mixture of ethyl 
malonate (1170 g.), acetic anhydride (1080 р.) and a solution of an- 
hydrous zine chloride (90 g.) in acetone (990 р.) was heated in three 
round-bottomed flasks under reflux over free flames, so adjusted 
that the mixture did not boil very, vigorously in the beginning. АП 
possible precautions were taken to avoid contact with moisture. The 
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reaction mixture after 100 hours’ continuous heating was poured into 
an equal: volume of water, thoroughly shaken ала then allowed to 
stand for 24 hours during which the unchanged acetic anhydride was 
converted into acetic acid. The esterlayer was then separated and 
thoroughly washed with water. The ether extract of the aqueous 
washings was mixed with the ester and washed with sodium 
carbonate solution. After drying over anbydrous magnesium sul- 
phate and removal of ether, the residue was repeatedly fractionated 
and the portion distilling at 116-120°/14 mm. collected, yield 1815 g. 
Clemo and Welch obtained 810 g. from 1170 g. of malonic ester, 

Preparation of isopropylidenedimalonic ester.—isoPropylidenemalo- 
nic ester (80 g.) was heated in an autoclave in mixture of absolute 
alcohol and anhydrous benzene (1:1) with an equivalent of sodiomalo- 
nic ester for 48 hours at 160° at 100 lbs. pressure. The solid 
residue obtained after the removal of alcohol and benzene was dissolv- 
edinthe minimum quantity of cold water, acidified with dilute 
sulphuric acid in the cold and the separated oil extracted with 
ether, dried over anhydrous magnesium sulphate, ether removed -and 
the residual oily product repeatedly fractionated. The portion distil- 
ling at 170-172° /8 mm. was collected, yield 42 g. It was identified 
to be isopropylidenedimalonic ester by hydrolysis to 8f-dimethyl- 
glutaric acid. 

Action of BB-dichloropropane upon the sodium derivative of methy- 
lenedimalonic ester. Isolation of 2:2-dimethylcyclobutane-1:1:8:8- 
tetracarborylic acid.—Methylenedimalonic ester (44 g.), prepared 
according to the method of Knoevenagel (Ber., 1894, 27, 2340) 
and thoroughly purified by repeated fractional distillation, was 
converted into its sodium derivative by heating under reflux with 
sodium (5 g.) in anhydrous benzene suspension for 8 hours. Most of 
the benzene was removed in vacuo and the residual jelly like mass 
heated with 88-dichloropropane (15 g ) in а closed soda-water bottle 
for 80 hours in an oil-bath at 140° when sodium iodide settled at the 
bottom and the liquid appeared brown in colour and was quite mobile, 
To remove any unreacted methylénedimalonic ester, the reaction 
mixture was heated under reflux with sodium wire. The filtered 
solution was freed from benzene and the viscous brown oil subjected 
to fractional distillation at 4 mm. pressure; about half of the liquid 
distilled up to 180°. The residual liquid did not distil but showed 
signs of decomposition on further heating; so the distillation was dis- 
continued at this stage. The contents of the distilling flask (about 


3 


~ 
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10 g.) were kept for hydrolysis with potassium hydroxide (14 g.) in 
aqueous alcohol (100 о.о.) for 8 days. After removing the alcohol in 
vacuo the residual brown solid was dissolved in cold water and shaken 
repeatedly with ether. The alkaline solution was then carefully acidi- 
fied with dilute hydrochloric acid under cooling and extracted with 
ether repeatedly. The yellow ethereal extract was dried over anhy- 
drous magnesium sulphate, ether removed, and the light brown 
viscous residue kept in в vacuum desiccator when after about a fort- 
night it solidified. This was - orystallised from acetone-benzene 
mixture being very soluble in the former, m.p. 200°. (Found: С, 
408; Н, 4:9. ©; 9H 90g requires C, 46°1; Н, 4°6 per cent). 

Isolation of norpinic acid.—The above tetracarboxylic acid was 
heated in a liquid paraffin-bath to 220-240° till there was no more 
evolution of carbon dioxide (tested with lime water), The product 
was dissolved in water and the solution evaporated to dryness. The 
thick viscous mass thus obtained was kept in a vacuum desiccator, 
when it solidified after 24 hours, m.p. 144-45?. The solid was dissolv- 
ed in water, filtered, concentrated to small bulk on a water-bath and 
allowed to stand in an ice chamber, when crystals, m.p. 146? (soften- 
ing at 187°), separated after a week. No rise in the melting point 
was observed on further two recrystallisations; yield is very poor. 
(Found: С, 55°62; Н, 7°0. CgH,,0, requires C, 55:8; Н, 6'9 per 
cent). | | 

The decarboxylation was also carried out by heating the tetra-acid 
under reflux with 50% sulphuric acid for 24 hours when the evolution 
of carbon dioxide ceased. After addition of water the mass was heat- 
ed again and filtered. The filtrate was extracted repeatedly with 
ether. The residue left after removal of ether was purified as 
above. | 

Action of methylene iodide upon sodium derivative of isopropyli- 
denedimalonic ester.—The sodium derivative of isopropylidenedimalo- 
nie ester, prepared by heating the ester (82 g.) with sodium wire 
(4°6 g.) in anhydrous benzene solution, was heated with methylene 
iodide (27 g.) in an oil-bath at 140° for 48 hours in a closed soda-water 
bottle. The neutral reaction product was worked up in the usual 
manner and 2:2-dimethylcyclobutane-1:1:8:8-tetracarboxylic acid 
and norpinic acid were isolated and purified by following the method 
described in the foregoing experiment (the tetracarboxylic acid, m.p. 
199°). (Found: C, 46:0; Н, 4*8. C,5H,$40, requires C, 46:1; Н, 4:6 
per cent), and norpinic acid, m.p. 140-46? (softening at 186°), 
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(Found: О, 561; Н, 72. С.Н,50, requires О, 55°8; H, 6'9 per 
cent). 
The melting point of the norpinie acid and the tetracarboxylic acid 
prepared as above remained undepressed on admixture with the 
corresponding samples prepared according to the method of Kerr 


(loc, cit.). 


* 
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Quinoline Derivatives. Part II. 
Pyrazolinoquinolines. 


By KARTAR Вман NARANG, JNANENDRA Nata RÁY 
AND ÁNIRUDH SINGH. 


In the present investigation an attempt has been made to fuse 
a pyrazole ring system in the 2:8-position of a quinoline for obvious 
pharmacological reasons. 

Aromatic o-nitroaldehydes condense with phenylmethylpyra- 
zolones in presence of sodium acetate to give condensation products 


of the type (I). 
үө MEN Ph 
"VN u^ NA 


| 
(I) Me 
On reduction these substances do not smoothly pass to the 


corresponding quinolines. The product from  o-nitrobenzaldehyde 
(I, R= R/—H) gives а tetrahydroquinoline (II). 


үн 
NHOH 
"y Ph CO——N'Ph 
QUU 
S\N ON E 
CH. C 
a е (ПТ) id: 


The reduetion of the nitro compound obviously proceeds through 
& hydroxylamino compound (III) because from the mixed hydro- 
chlorides of the crude reduction product the substance (IIT) can 
be isolated. McClusky (J. Amer. Chem. Boc., 1922, 44, 1575) has 
reported the formation of & similar auiholine oxide in the reduction 
of ethyl o-nitrobenzoylacetoacetate. 
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The substance (Т) dissolves in acids and also in alkalis, a behaviour 
in keeping with its structure and gives a monohydrochloride with 
hydrochloric acid whilst a pyrazolinoquinoline is expected to form 
a dihydrochloride. Тһе same substance is obtained if the reduction 
is carried with either aluminium amalgam or zinc dust and acetic 
acid or alcoholic hydrochloric acid. 

The condensation product with nitropiperonal or nitroveratric 
aldehyde on reduction is converted to the related amine (IV), which 


B/\ “NH R N 
ее CO—-N'Ph a Noc com 
C N C N 
В ZN E В, их Z 
CH c CH с 
(IV) Me Е (V) Me 


can be cyclised to the pyrazolinoquinoline (V) by heating with 
anhydrous sodium acetate in & current of hydrogen. It is note- 
worthy that whatever reducing agents are employed the substance 
(IV) is produced in every case and no simultaneous ring formation 
occurs (cf. Armit and Robinson, J. Chem. Soc., 1922, 191, 897, 
et seq., who found that an orthoamino unsaturated ketone 
cyclises to a quinoline in presence of acetic acid but not in 
presence of hydrochloric acid). Therefore, it seems that the amino 
group is in trans position with respect to the ketonic grouping. 

The substance gives a trikydrochloride which may be due to the 
addition of a molecule of hydrogen chloride at the double bond. 
Even the nitro compound which is of a striking colour becomes 
nearly colourless in presence of hydrochloric acid due no doubt to 
the destruction of conjugation owing to the addition of hydrogen 
chloride at the double bond. 

The respective structures assigned to the compounds have been 
tested by means of their absorption spectra which confirmed the 
conclusions drawn. | | 


EXPERIMENTAL. 


o-Nitrobenaylidine-1-phenyl-8-methylpyrazolone.—An intimate mix- 
ture of phenylmethylpyrazolone (8°65 g.), o-nitrobenzaldehyde (8°0 g.) 
and freshly fused sodium acetate (8'6 g.) was heated to 150° for 
2 hours with stirring. The pasty mass soon solidified and assumed 
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а dark red colour. It was washed with water and crystallised from 
alcohol in bright red needles, m.p. 162°, yield 8 в. (Found: М, 18/5. 
C4 ,H304Ng requires N, 18°68 per cent). 

Reduction with zinc dust and acetic acid.—(a) The nitro compouud 
(1 g.) was dissolved in acetic acid (20 o.c.) by heat and the solution 
was reduced with zinc dust in small quantities till the dark red 
solution turned pale yellow. The hot solution was filtered, hydro- 
chlorie acid (d 1:16, 2 c.c.) added and diluted to 100 c.c. with water 
and the solution saturated with ammonium chloride, when a pale 
yellow subtance (0°6 g.) crystallised out. It was crystallised from 
hot methanol containing hydrochloric acid, m.p. 251.52°. [Found: 
N*, 181; Cl, 11°2 (by precipitation with silver nitrate in alcoholic 
solution). C,,H,,ONs;, HCl requires М, 18:8 ; Cl, 11:8 per cent]. 

(b) The nitro compound (0'5 g.) dissolved in moist ether (100 с.о.) 
was reduced with aluminium amalgam during 24 hours, when the 
dark red solution became pale pink. Removal of the solvent fur- 
nished a substance which had m.p. 262° after crystallisation from 
methyl alcohol and‘ hydrochloric acid and showed no depression on 
admixture with the product described under (a). 

(с) The nitro compound (0'5 g.) dissolved in alcohol (20 с.с.) 
was reduced with zinc dust and hydrochloric acid and after the 
removal of the solvent the product was worked up as under (a) 
when the same substance as described under (a) and (b) was 
obtained. | 

Isolation of the base (IL).—The crude hydrochloride obtained in 
the reduction of the nitro compound with zinc dust (1 g.) suspended 
in water (50 o.c.) was treated with ammonia (d 0:8, 10 в.в.) when 
a clear solution resulted. On concentration of the solution in vacuo 
at 60° а- colourless substance (A) (0 8: 8.) crystallised out and from 
the filtrate chloroform extracted a dark coloured pasty substance (B). 
The substance (A) was crystallised from a mixture of benzene-ligroin 
in glistening needles, m.p. 142°, (Found: О, 72°7 ; Н, 6'4 ; М, 1511. 
С.Н, ОМ, requires C, 72°8 ; Н, 61; М, 1511 per cent). 

The dark coloured pasty substance (B) was triburated with petro- 
leum ether and а brown coloured solid was obtained. 16 crystallised 
from hot benzene (charcoal) in colourless needles, m.p. 101-102°. 
(Found: №, 14°4. ©,,H,,0O,N, requires №, 14:8 per~cent). 16 is 
probably the substance (LII), since it reduced ammoniacal silver nitrate 
instantaneously and after heating with acids gave the test for & 
dia£otisáble amine, Í | 
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Condensation of  mitropiperonal with phenylmethylpyrasolone.— 
A mixture of nitropiperonal (4 g.), phenylmethylpyrazolone (8:6 р.) 
and fused sodium acetate (8 g.) was heated at 186? for 2 hours. The 
product after treatment with water -was well washed with boiling 
alcoho] and crystallised from hot acetic acid in red silky needles, m.p. 
199°, yield 4 р. (Found: №, 11:9. С,вН,:0,М№, requires М, 12:0 per 
cent). The nitro compound (1 g.), dissolved in hot acetic acid (80 o.o.), 
was treated with small quantities of zinc dust in such a manner as to 
keep the solution boiling gently till the solution became pale yellow. 
It was filtered and treated with hydrochloric acid (d 1°16), diluted 
with water to 80 с.с. and treated with ammonium chloride when a 
pale yellow substance (0'6 g.) separated. Crystallised from methyl 
alcohol-hydrochloric acid it came out as delicate colourless needles, 
m.p. 248°. Reduction of the nitro compound with aluminium amal- 
gam also furnished the same product. (Found:N*, 9:8; Cl, 24:0. . 
C454 H4503N5, 8 HCl requires N,9°8; Cl, 24'7 per cent). The subs- 
tance showed the presence of a diazotisable amino group. 


The hydrochloride (1 g.) in water (100‘c.c.) was treated with ammo- 
nia till it dissolved completely. The solution was concentrated in 
vacuo at 50° when a colourless crystalline substance separated which 
darkens in contact with air. It crystallised from hot alcohol in stout 
needles, m.p. 186°. (Found: C, 67°1; Н, 6:8; N*,18'1. C,;,H,,0,N, 
requires С, 67:8; Н, 4'7; М, 1871 per cent). 

The base (1 в.) was well mixed with fused sodium acetate (8g) 
and was heated in а current of dry hydrogen at 186° for а few 
minutes and then at 150° for 1 hour. The product, well washed 
with water, was crystallised from hot alcohol (charcoal) in pale 
yellowish needles, m.p. 185°, mixed m.p. with the amine 156-1705, 
yield 0°02 в. (Found: C, 71:2; Н, 4'5; N*, 13°71, 18:92. C,,H,,0,N; 
requires C, 71:3; Н, 4'8; М, 13°86 per cent). The substance does 
not show the presence of an amino group and gives a picrate. 

The product of the condensation of nitroveratric aldehyde and 
phenylmethylpyrazolone conducted at 145° was isolated as in the 
previous cases. It orystallised from hot dilute acetic acid in brilliant 
red silky needles, m.p. 188°. (Found: №, 111. 0,5H,,0,N, 
requires N, 11'4 per cent). À 

The nitro compound (4 g.) dissolved in hot acetic acid (100 с.е.) 
was reduced with zinc dust till the solution became pale yellow. 
The filtered solution was concentrated to 20 о.о. in vacuo and then 
diluted with water and a few drops of concentrated hydrochloric acid. 
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On saturation with ammonium chloride, the hydrochloride crystal- 
lised, which was recrystallised from amyl alcoholic hydrochloric acid 
in colourless needles, m.p. 226°, yield 2'8 g. [Found: N*, 9°5, 9°6; 
Cl, 28:2 (by precipitation). C4,59H49503Ns, ЗНО! requires М, 9°4; Cl, 
28°8 per cent]. 

The grey coloured base (1 g.), isolated as in the previous case, did 
not give a sharp m.p. even after repeated crystallisations from benzene 
and other solvents, indicating that partial cyclisation had occurred. 
The crude base was mixed with sodium acetate and heated at 150° 
for 14 hours. The product after treatment with water crystallised 
from alcohol (charcoal) in pale yellow needles, m.p. 215°, yield 
0:05 g. (Found: N*, 18:2. C,5H4,4,04Ng requires М, 18°2 per cent). 

The absorption spectra of the quinolinea (V, R=R/=OMe, and 
R= R’=O,CHg) numbered as I ара II respectively in the curve, 
that of IV (numbered as III) and that of I (numbered as IV) were 
taken in a concentration M/10000 in chloroform. The spectroscopic 
results show that the curves I and Il are similar in character whilst 
IV differs markedly from both I and II. The curve III of the 
amino compound is again different from I, II and IV. 


Fig. 1 
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* Analyses marked ‘ * ' were done by the micro method. 
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Rotatory Powers of Some Disubstituted “amphoranilic 
Acids. 


By МАНАН SINGH AND BIKRAM NINGE. 


The work on disubstituted camphoranilic acids (J. Chem. Soc., 
1981, 478; J. Indian Chem. Soc., 1932, 9, 868) has been further 
extended to include methyl chlorocamphoranilic acids. 

The rotatory powers of 2/-methyl-5/-chloro-, 2/-methyl-4/-chloro-, 
2'-methyl-S/-chloro-, 4/-methyl-2'chloro- and 2/-methoxy-4/-chloro- 
camphoranilic acids have been determined in four solvents, 
methyl alcohol, ethyl alcohol, acetone and methyl ethyl 
ketone for two wave-lengths, Hgs;89 and Нару, ві. The mercury 
violet is rather dim and, therefore, the rotatory powers could not be 
measured in all the cases. 

The following tables record the molecular rotatory powers of 
methylchlorocamphoranilic acids, methyloamphoranilic acids and 
chlorocamphoranilic acids, 


TABLE I. 
(MD gr irm 
Q/-Mothyl 2.Methyl. 2» Methyl- 4'-Methyl- 
5’ -chloro-. 4'-ohloro-. 8'-chloro-. 2'-ohloro-. 
MeOH 8118 31747 145°5 76-8 
RtOR 910'8 1650 142'8 56°8 
Ме;00 13@°5 194*6 66-9 Almost nil 
MeEtOO 166`6 1994 89:0 101 
TABLE П. 
(M) нды 
o-Me. m-Me p-Me. 0-0]. m-Cl, p-Cl 
MeOH 1445 187:8 162°6 b4'l 147°0 166°3 
RtOH 127°2 121:8 187°8 . 80°9 1192 1429:3 
Ме;00 88-1 93-9 98°2 —21'4 1005 126'8 
MeE1CO 1047 108'8 197-8 —10:3 1826 148'6 
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It will be seen from the study of the tables that the introduction 
of a chlorine atom in the first three cases leads to the enhancement 
of rotation, the maximum effect being when the methyl and the 
chlorine, -both of similar polarity, are in the para position with-res- 
pect to one another. The effect.is the least when the two groups are 
present in the ortho position with respect to one another. In the 
4th compound the chlorine atom is present in the ortho position 
with respect te the substituted-amino -group. There is & very great 
_ fall in the rotation of the original compound; in- methyl alcohol from 
162° to 76° and in ethyl alcohol from 187:8? to 56°6°. This fall in 
the.rotatory- power is very marked in the ketonio solvents; in acetone 
the fall is from 98:0? to almost zero, and in methyl ethyl ketone 
from 187° to 10°. X. Chloro-4’-methyleamphoranilic acid was exa- 
. mined in.acetone in a very concentrated solution and the difference 
between the solvent and the solution readings were so small as to 
be within the experimental error. It haa been shown by Singh and 
Singh in the case of o-chlorocamphoranilic acid (J. Chem. Soo., 1927, 
.1994. cf. also experimental), and by Forster and Spinner (J. 
-Ohem. Soc., 1919, 118, 889), in the case of o-chlorophenylimino- 
camphor that chlorine in the ortho position has a great depressing 
effect on the rotatory power of the original compound. = 

The question may be looked. at from the point of view of the 
introduction of the methyl group. In the first three cases the 
methyl group enters into the -ortho position with respect to the 
substituted amino group, so that it is in close proximity to the op- 
tically'active group. : It is, therefore; ‘reasonable tó suppose that it 
‘will ‘exert a uniform influence on the chlorocamphoranilic acids. 
Itinereases the rotatory power considerably when it goes іп о the 
рата position with respect to the chlorine atom. It has very little 
effect when it isin the meta position with respect to the chlorine, 
but when present in the ortho position with regard to the chlorine 
atom, it has some depressing influence in the ketonic solvents. 

In the 4th compound the methyl group is present in the 4/- 
position and it has raised the rotations of 2’-chlorocamphoranilic 
acid to а small extent. 

A methoxy group in the 2/-position is also known to have a de- 
pressing effect (Bingh and ‘Singh, J. Chem. Soc.; 1980, 1801; of. also 
Rule and others, íbid., 1928, 1498), In 2/-methoxy-4’-chlorocam- 
phoranilic acid the rotatory powers are lower than .those of. the 
4/-chlorocamphoranilic acid ‘in а ће solvents examined. - А 


а 
=“ А w v m »o^ Фол „ы 


„к е 4 
Гат, 
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‘Influence of the solvent' on the rotatory рошет.---Тће ‘solvents 
employed in the decreasing order of their dielectric constants are 
methyl! alcohol, ethyl alcohol, acetone, ethyl methyl ketone. А 
reference to the tables will.show' that the ~sequences of solvents in 
order of decreasing or increasing rotatory power is the same as.their 
dielectric constants except that the position of ethyl methyl ketone 
and acetone is reversed. But this regularity does not extend to 8/- 
chlorocamphoranilic ‘acids and 4/-chlorocamphoranilic acid, where 
the sequence of A THEME ketone and ethyl alcohol is also 
reversed. 


EXPHRIMBNTAL. 


Condensation of camphoric anhydride with ohlorotoluidines and 
chloroanisidine.—Camphoric anhydride and the amine (equimol.) 
were heated together with fused sodium acetate at 140—50° for 
8-4 hours. The product ‘was dissolved in alcohol and precipitated 
with water, when & brown mass came down. It was extracted with 
a dilute solution of caustic soda or ammonia to remove any imide. 
The filtered solution was then acidified with dilute hydrochloric acid. 
The white solid thus obtained was reorystallised from alcohol 
(charcoal). | 

2'.Methyl-5!.chlorocamphorantlic acid crystallised from alcohol in 
needles, m.p. 206°. It is soluble in the usual organic solvents. 
(Found: N, 4°5; aos 822°5. CirHaa0sNO! requires N, 4°3 per 
cent. Equiv., 322°5). 

2/-M ethyl- dM toan do acid crystallised from alcohol in 
silky needles, m.p. 221-22°. It is readily soluble in acetone and 
benzene and less readily in methyl alcohol and ethyl alcohol. (Found: 
N, 4'b; Equiv.. 328. C,;H$40g4NOCl requires М, 48 per cent. 
Equiv. 828°5). 

2/-Methyl-B'. chlorocamphoranilic acid separated from alcohol in a 
crystalline mass, m.p. 219°. The quantity of the imide formed is 
appreciable in this case but no attempt was made to purify and 
analyse the compound. (Found: М, 4'50; Equiv., 825. C,;H$$505- 
NCI requires N, 4'8 per cent. Equiv., 828°5). 

4!.Methyl-2!-chlorocamphoranilic acid orystallised from alcohol in 
needles, m.p. 206-07". The yield of the acid is not во good as in the 
first three cases. The acid is readily soluble in ketone, less readily in 
alcohols. . (Found: N, 4:65; Equiv., 828. C,,H g,0,NCl requires 
М, 4-8 per cent. Equiv., 828°5). 
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2-Methoxy-5-chlorocamphoranilic aold was obtained as a miero- 
orystalline mass, m.p. 176-77°, yield about 1095. It is soluble in the 
usual organic solvents. (Found: М, 4:8; Equiv., 889'5. C41; H5504NCI 
requires М, 4°12 per cent. Equiv., 839°5). 

2!-, 8'- and 4'-Methyleamphoranilie acids and 2/-, 3/-, 4/.chloro- 
camphoranilic acids were prepared by the general method given above. 
The rotatory powers of these compounds have been determined for 
sodium light by Singh and Puri (J. Ohem. Soc., 1926, 604) and 
Singh and Singh (loo, cit.). The rotatory powers of these compounds 
have now been determined for two wave-lengths, namely На, зво and 


Hg5461- 
TABLE III. | 


Solvent. Conc. (g./25 c.c.). Ню Hgg Нұцзвв 
a, а, а, 


2/-M ethyl-b!-chlorocamphoranilic acid. 


MeOH 09500 65:5 | 7b'6 
EtOH | 65°0 "74b 119-56 
Ma, CO 41-0 - 6505 TE A 


MeOCOEt 51°5 68'0 


2/-Methyl-4!-chlorocamphoranilio acid. 


' MeOH 0*2500 640 ' 6850 1050 
нон О 51-0 2 0 — 10870 ` 
Me,CO ^ 88'5 45°5 
MeCORt 0*2000 40°0 4T'O 


9'-Methyl-8'-chlorocamphoranilio acid. 


MeOH 0°2500 45°0 59:5 - 96:5 
' WOH. 44-0 510 . 91-0 
` Me400 | 20-5 80-5 

MeOORt 0°2000 97-5 400. з 


4J.Methyl-2'-ohlorocamphoranilic acid, 


MeOH 0-9500 98-5 39-5 860. 
он 11-5 94-5 35-0 
Мо,00 0-4000 | 


Me0OEt » 8'8 4°4 i 
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Solvent. ^ Cono. (g./25 с.о). ^ Hggmo 
a, 


Наци Нез 


a а. 


2/-Methoxy-6'-chlorocamphoranilic acid. 


MeOH 079500 88'0 450 iis 
EtOH 5 80-0 36-0 57-5 
Me,00 0*8000 18:0 990 
MeCOEBt 3$ 19°37 28°79 

TABLE IV. 


Hggieo Най 
в, а, 
2! Methylcamphoranilio acid. 
Cone. = 0°2000 (g./26 o.o.). 


MeOH 5070 65:0 
RtOH 44*0 55'0 
Me400 98°75 86°6 
MeCOEt 86°25 45:8 


8/-Methylcamphoranilic acid. 
Conc. =0'2000 (g.'/25 o.c.). 


MeOH. AT'S 62°65 
KOH 42°0 54°0 
MeCO 82'5 43'4 
MeCOEt $7°6 48'8 


AM ethylcamphoranilic acid. 
Cone. = 0:2000 (р./25 е.е.). 


MeOH 56-35 70-0 
EtOH 475 57°5 
MeCO 84:0 42*0 
MeCORit 4T'b 57°65 


H garso Нвыв Hg, 

a, a, a. 
2'.Chlorocamphoranilio acid. 
Cone. —0:8000 (g./25 в.е.). 


17°5 21'0 850° 
10'0 12'0 17:5 
-0'9 —8°8 - 
—8°8 —4'0 


8/-Ohlorocamphoranilic acid. 
Cone. =0°2500 (g./25 o.o.). 


~ T6 68:5 
88°6 48*0 85°0 
82'5 40'0 
42°5 62:5 


4-Ohlorocamphoranilio acid. 
Oonc.=0°2600 (g./25 с.е.). 


53°75 TLS 1585 
48'0 69:0 105°0 
410 51:5 
48'0 62°5 


The rotatory powers were determined in в 2-dom. tube. 
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Adsorption of Acids by Animal Charcoal. 


4, 


By Saunt Caspr. 


Adsorption of acids by animal charcoal has long been accepted 
by chemists, and recently several mechanisms have been suggested 
88 explanations of this phenomenon. The following experiment helps 
to demonstrate the mechanism of the so-called acid adsorption by 


animal charcoal. — 
à ÉXPRRIMTAL. 


2 G. of animal charcoal (65% ash) were shaken with 100 o.c. of 
approximately N/20-acetic acid for 20 minutes. Another 2 g. of the 
game charcoal were shaken with 100 e.c. of approximately N/20-HCI 
for 20 minutes. The solutions were then centrifuged from the 
‘charcoal which settled out. The supernatant liquid and the stock 

solution of N/20-acetic acid were titrated for acidity; the supernatant 
liquid and the stock solution of №/20-НС! were titrated for acidity 
‘and chlorine content. АП quantities of the acid solutions were pipet- 
ted out. The chlorine was determined by the Whitehorn modification 
of the Volhard method (Whitehorn, J. Biol, Chem., 1921, 45, 449). 


Reduction in acidity. 


Solutions. Quantity of soln. Titre (average). 
Stock soln. 20 o.c. N/20 (approx.) 10°80 c.c. N/10-NaOH. 
acetic acid 
ry » N/90-HOI 11°86 ,, N/10-NaOH 
Centrifuged soln. m. Jd -&cetio acid 609 оо 
-HCl 644 4, o n 


1: » уз 3) 


The centrifuged solutions gave a strong qualitative test for 
phosphates. 


Non-reduction tn chlorine concentration, 


Solution. Quantity of soln, Titre (average), 
Stock soln. 2 c.c. (N/20) (approx.) НО] 6°60 e.c. AgNO; 
Cenirifuged goln. И 3 " 5 6°85 @.c. $$ 


НО] factorz:1:186 N/20 ; AgNO, solution contains 0002905 g./c.c. AgNOg 
5 
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Animal charcoal acts similarly upon N/20-HCl and acetic acids: 
the reduction of hydrogen concentrations is approximately the same 
for both acids. Animal charcoal does not reduce the chlorine con- 
tent of НСІ. It, therefore, does not adsorb HCI but reacts with it 
in & manner described previously (J. Chem. Ed., 1932, 9, 907); the 
phosphate impurities of this charcoal are converted to phosphoric 
acid by the action with HCl, and thus, a partially untitratable 
hydrogen results. The chlorine anion remains quantitatively un- 
affected by this reaction. 
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The Photosynthesis of Nicotine. 
By H. Е. Watson AND B. К, VAIDYA. 


In в recent communication (J. Indian Chem. Вос., 1988, 10, 458) 
Bhargava and Dhar claim to have obtained ‘‘practically pure nicotine 
hydrochloride” by exposing 2% formaldehyde solution containing 
ammonia to sunlight or to the ight from a mercury arc. Quantities 
of ammonia varying from 40 to 12'6 c.c. of 6'2 N solution per litre 
were employed in presence of different catalysts. In all cases 
nicotine was obtained, and cupric carbonate appeared to be the best 
catalyst, but in the absence of any quantitative data, it is not clear 
upon what evidence this statement is based. 

In order to separate the nicotine, the alkaline solutions were 
distilled and the nicotine extracted with ether from the residue. 
Since nicotine is readily volatile with steam it appears improbable 
that it would be obtained by this procedure even if it were formed. 
The authors also mention & method of separating hexamethylene- 
tetramins and nicotine by forming the mercuric chloride compound. 
This appears unnecessary since the former substance is practically 
insoluble in ether while nicotine is readily soluble. 

On examining the data from which the molecular weight was 
determined, apart from the difficulty of understanding how a value 
of 158°68 can be deduced from a quantity of 0'0011 в. of platinum, 
the results appear to have been calculated with the assumption that 
the formula for nicotine chloroplatinate is (C4,9H4,N4)a, HgPtCle. 
No such compound is mentioned in the literature, the most easily 
formed chloroplatinate being C,9H,4N3, HgPtClg. 0°0612 Ga 
of this would give 0'0210 в. of platinum as compared with 0:0168 g. 
found by the authors. 

То obtain some idea as to the nature of the substances formed 
in the reaction we conducted an experiment in which 2000 o.c. of 
2% formaldehyde and 36 с.о. of 6°2N-ammonia mixed with ба. 
of cupric carbonate were exposed in an open glass trough to the light 
of a quartz mercury vapour lamp during 60 hours. The solution 
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was colourless after exposure but when boiled it darkened slightly. 
After distilling the-bulk of the solution the residue was extracted 
with ether yielding a very small quantity of partially solid material, 
this was acidified, extracted with a little ether and the aqueous 
solution made alkaline and again extracted with ether. This ethereal 
solution left no visible residue on evaporation and on washing the 
dish with a little water and adding-a drop of mercuric chloride 
solution, no precipitate was formed. The distillate after acidifying 
with hydrochloric acid and evaporating to dryness yielded в deliques- 
‘cent salt-in appreciable quantity. This smelt of methylamine when 
-treated - with. sodium hydroxide gave the carbylamine reaction. 
„Mercurie chloride gave no precipitate with the solution and it must 
be-concluded that no nicotine was formed in this experiment. 
‚ .. A similar’ experiment was conducted with 600 о.о. of the solution 
‘to-which 0'2 g. of nicotine was added. This was not exposed to 
ultraviolet light but. distilled directly until the volume was reduced 
20-40 c.o.. No nicotine could be detected in the residue. . The dis- 
tillate after acidifying and evaporating gave a picrate and a copious 
crystalline precipitate with mercuric chloride. It also contained 
sufficient methylamine, doubtless an impurity in the ammonia, to 
‘give the carbylamine reaction. 
It is thus not possible to accept the conclusions of Bhargava and 
Dhar that nicotine is formed by the actionof light on formaldehyde 
-and ammonia. 
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Limit of the Variation of the Relation between 
Intensity and Velocity of Photochemical 
Reactions. 


By. W. V. BHAGWAT. 


ET 


The problem of the relation between intensity and velocity of 
photochemical reactions is highly controversial and attempt has been 
made in this paper to throw some light on the problem from theo- 
retical considerations. 

It is well known that the velocity of a reaction is determined 
by the number of active molecules present in the -reacting system, 
and that the photochemical acceleration consists in increasing this 
number of active molecules. Amount of photochemical acceleration 
at any time is, therefore, a factor which is dependent on the number 
of inactive molecules present at any instant. Greater the number 
of inactive molecules, greater is the probability of activation. 
According to Maxwell’s distribution law, always a constant fraction 
of the total number is in the active state, when there is no 
removal by chemical change. The number of active molecules is 
thus always в constant fraction of the totel number. The simplest 
assumption on this basis would, therefore, be that the same fraction 
of the inactive molecules is activated by equal increment in intensity. 

With these assumptions the author (U. P. Akad. Sci., 1988, 4, 
54; Z. anorg. Chem., 1981, 199, 406) has deduced a theoretical ex- 
pression for the relation between intensity and velocity of any photo- 
chemical reaction, from the view point of activation. If the intensity 
is varied in 'n' equal stages and A be the total number of molecules, 
х, the number of active molecules originally present before exposure, 
and y is the fraction of inactive molecules which get activated each 
time by exposure, then the photochemical acceleration in the first 
stage is proportional to (А —2)y, and in the nth stage is proportional 
to 


` | (4—2) (17 (1—9)")- 
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It is evident from above that if the photochemical acceleration 
over the dark reaction is very small, y becomes very, small. More- 
over, у is a fraction and, therefore, less than unity. Hence the higher 
powers of y in the expansion of (l—y)" as squares, cubes, eto., 
may be neglected. The photochemical acceleration in the nth stage 
ig, therefore, proportional to 


(4—2) {1-(1—ny)} 
or 
п (A—a)y. 


Hence the photochemical acceleration in the nth stage or by inoreas- 
ing the intensity ‘п’ fold is ‘n’ times the acceleration in the first 
stage. Thatis, when the photochemical acceleration is small, the 
velocity is directly proportional to the intensity. However, when 
y is large, higher powers of y cannot be neglected, and hence the 
velocity—intensity relation is less than unity or approaches square 
root relationship. 

Thus when the absorption of the radiation is high and the 
reaction is not markedly photochemical in nature and the velocity 
of the reaction in the dark is appreciable, direct proportionality is 
likely to be observed. On the other hand when the reaction is highly 
photochemical in nature and the velocity of the dark reaction is 
practically negligible, square root or less than the square root 
relationship will be expected. 

The above theoretical expression not only explains the observed 
results but points оџё one very important fact, that the relation 
between intensity and velocity can never exceed unity for a truly 
photochemical reaction, and that in practically all the photochemi- 
cal reactions, there must be a tendency to show a relationship which 
is less than the direct. Hence all the photochemical reactions so 
far studied may be divided only into two classes, viz., 


(i) The reactions showing a relationship between intensity and 
velocity which is less than the direct, the number of such reactions 
being large. 

(ii) The reactions which obey direct relationship. The author's 
conclusions are clearly borne out by the numerous reactions investi- 
gated by various authors mentioned in the previous paper (U. P. 
Akad. Sci., 1938, 1, 64). -As the intensity is increased, the relation 
between intensity and velocity falls off gradually. In short, the 
reactions showing direct relationship are only few. The relation 
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between intensity and velocity in terms of a factor greater than the 
direct is not to be expected from the view advanced here. 

Tt will be observed that even the ordinary consideration of 
activation fails to explain the existence of а relationship greater than 
the direct, which means that although the number of inactive mole- 
cules available for activation is actually decreasing with the increased 
intensity, yet the amount of activation or the number of molecules 
activated for the same increase in intensity is greater in the follow- 
ing stage, than in the preceding one, Since that is not possible, the 
existence of a relationship greater than the direct seems to be im- 
probable. 

Bhattacharya and Dhar (J. Indian Chem. Soc., 1929, 6, 493) have 
classified these reactions in the following three groups: 


(1) Velocity tends to be directly proportional to the square of 
the incident radiation. 

(2) Velocity tends to be proportional directly to intensity. 

(8) Velocity tends to be proportional to the square root of the 
intensity. 


The only peculiar example of the type in which more than 
direct relationship is observed, is found in the case of the 
photochemical reaction between hydrogen and chlorine, investi- 
gated by Baly and Barker (J. Chem. Soc., 1921, 119, 658). Dhar 
and Bhattacharya (loc. cit.) have obtained similar relations in case 
of few photochemical reactions. It is interesting to note that 
special attempts were made by tHe authors to get such relationship 
by decreasing the photochemical acceleration with the help of such 
inhibitors as potassium bromide or potassium iodide. 

An alternative suggestion to explain these few exceptions which 
cannot be explained merely on the principle of activation of the 
reacting molecules has been proposed. In author's opinion the part 
of the absorbed energy is used up in activating the molecules and 
the part is lost in destroying these inhibitors and hence the whole 
of the absorbed energy is not responsible for the reaction, and the 
proportionate loss of such energy, decreases with the increase in 
intensity. Hence the number of molecules actually activated in the 
next stage is always greater than the previous stage till whole of 
the inhibitor is destroyed. When there is no inhibitor left, no energy 
will be wasted in destroying it and the number of molecules activa- 
ted will be directly proportional to the amount of energy absorbed, 
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hence the relationship which is greater than the direct will be no 
more observed. This suggestion of author actually explaina the ob- 
served relations in case of hydrogen and chlorine reaction and the 
reactions with bromine and iodine investigated by Bhattacharya 
and Dhar (loc.cit.), | 


The reaction between hydrogen and chlorine is highly susceptible 
to impurities and the photochemical combination is retarded specially 
by oxygen. Thus the reacting mixture of Baly and Barker contained 
retarding substances, which are slowly destroyed by light. That 
is the amount of energy required to destroy this inhibitor went 
on proportionately decreasing with intensity and it appears 
therefore, that the reacting mixture of Baly and Barker shows a 
photochemical .acceleration, which is greater than what is expected 
from the intensity. In this connection it will be of interest to note 
the following statemant of Baly and Barker regarding the purity of 
their reaction mixture, ‘ө found it very difficult to free ‘the 
mixture completely from oxygen". This statement, therefore, seems 
to lend support to author’s explanation. 


Exactly similar explanation is applicable to the observations made 
by Bhattacharya and Dhar. Their experimental procedure shows that 
' . they have added an excess of potassium iodide or potassium bromide 
"f-gcsüppress the photochemical acceleration. It ів now an admitted 
fact that'in bromine and iodine -reactions in presence of potassium 
iodidé or potassium bromide, KI; and KBr, molecules are formed, 
which act as internal filters, for the whole of the energy which is 
7 absorbed by the reactants, is not used up in activating the molecules. 
It ig evident, therefore, that the author's explanation holds even in 
this case. es 
Thus all the photochemical reactions tend to show a rolatióniship 
between intensity and velocity which is less than the direct. SU 


. Another important fact which is inherent in the expression, is, 

: that it is independent of the nature of the light source, but simply 
depends upon the amount of photochemical acceleration, lb is 
usually observed that with the light of higher frequency or wheh 
the light quantum hy is higher, the photochemical acceleration is 
higher, although according to Hinstein’s law; it should be the same. 
Hence, there should be. greater chances ‘of observing Square root 

' relationship in the region-of ' higher frequency ihan i in the region, of 
lower frequency. The ‘t6nclusion is pu Supported by experiments. 
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Thus the present author has been able to explain the observed 
variation of velocity and intensity in case of photochemical reactions 
investigated by him and other numerous workers. The controversial 
problem in case of hydrogen, chlorine and other reactions has been 
satisfactorily explained. 


SUMMARY. 


1. It has been shown that the relation between intensity and 
velocity can show either direct relationship or a relationship which 
is less than the direct. From the view point of activation a relation- 
ship which is greater than the direct is improbable. 

2. Only few reactions which &re found $0 show apparently a 
relationship, greater than the direct, have been proved to be due to 
the presence of inhibitors whieh are destroyed by light, thereby the 
inhibition effect proportionately diminishing with inbensiby and ap- 
parently the velocity and intensity relation exceeds unity. Baly and 
Barker’s observations regarding intensity and velocity of the photo- 
chemical reaction between hydrogen and chlorine and few of Bhatte- 
charya and Dhar's reactions have been successfully explained. 

8. It is shown that there are greater chances of observing 
square root relationship in a light of higher frequeney than in a 
light of lower frequency, a fact borne out by experiments, 

My thanks are due to Prof. N. R. Dhar for hie kind interest in the 
work. 


ОНЕМТОСАТ, ПАВОВАТОВҮ, 
HoLKAR Contean, Received Februarg 18, 1984. 
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On Magnetic Birefringence in Mercuri- © 
sulphosalicylic Acid Sols. 


By Satya PRAKASH AND LAXMI NARAIN BHARGAVA. 


The sols and gels of mercurisulphosalicylic acid have been 
studied by us in previous publications (J. Indian Chem, Soc., 1980, 
7, 367). It was observed there that by coagulating 196 sol of 
mereurisulphosalieylie acid with electrolytes, transluscent or opaque 
jellies are obtained which undergo marked syneresis. We have now 
been successful in obtaining water-like transparent jellies by coagu- 
lating 2% sol. Mercurisulphosalicylic acid was prepared in the same 
way as described in the previous paper by dissolving well washed 
freshly precipitated mercuric oxide in 5-sulphosalicylic acid; the 
gelatinous white mass thus obtained was then dried on a water- 
bath. The following concentrations for the transparent jellies would 
be of interest. 


| TABLE Г. 


Merourisulphosalicylic acid soln. (2%)=8 с.с. Total уо]. =6 с.о. 


Amount of N/2-KNO3. Observations. 

08 e. с. Perfectly transparent jelly in 25 hr. 

04 Transparent jelly in 18 hr. 

0'7 Transparent jelly accompained with slight opalescence 
in 15 hr. : , 


By increasing the concentrations of potassium nitrate, ‘the time of 
setting decreases, ‘whilst the opalescence increases. However, it was 
observed by Wo. Ostwald and Mertens (Koll. Chem Beth., 1926, 28, 
242) that mercurisulphosalicylic acid loses its colloidality in presence 
of chloride ions. The influence of chloride ions on the time of 
setting of this jelly are given in Table II. 
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Amount of sol (295) 8 с.о. Total vol. —5 с.о. N/2-KNO,=1°08 c.c. 
Time of setting (min. ... 80 8 7 20 950 No jelly 
Amount of N/10-KOl (oc.o.)... о 0'8 0°86 04 - 0'45 1:0 


From these results, ib would be seen that the presence of small 
amounts of potassium chloride sensitises the sol and the jelly is very 
readily obtained, while the dissolving influence begins only at a later 
stage. The influence of halide ioná on the stability of the colloidal 
phase of mereurisulphosalieylio acid ean be very well studied from 
the view point of the magnetic birefringence exhibited by the parti- 
cles of this sol and hence in the present communication an attempt 
has been: made кышуы this property of the sol under various 
conditions. | X Е 

тр phenómenon of ее birefringence was for the first йе 
observed by Majorana (R.Acad. Linoi., 1902, v, 11, 874, 408, 581) апа 
it has been investigated | by Freundlich and co-workers, Bjornstahl 
and others in the case of vanadium pentoxide, gold, silver, platinum 
and other sols.- Berkman and Zocher (Kolloid Z., 1927, 42, 809, 822) 
observed that meréurisulphosalicylic . acid axhibits the ` property. of 
double refraction when in the state of flow and moreover, it is also 
doubly refractive when placed in an electric or magnetio field. The 
results of magnetic double refraction being a measure of the optical 
and magnetic anisotropies of the colloidal’ particles, are of consider- 
able interest. Zocher and Berkman’s results (loc. cit.) are only 
qualitative so far as the magnetic birefringence” is concerned and ` as 
such the present atudy of the subject has been undertaken. 

The experimental arrangement was similar $0 that- described by 
by Chinchalkar (Indian J. Phys., 1981, 6, 165). A point-o-lite lamp 
of 1000 с. p. was used as & source, the light from which condensed 
and collimated before passing through the polariser of which the 
principal direction of vibration was inclined at 45° to the horizontal. 
The direction of the magnetic field as well as the neutral axis 
was horizontal. The sol to be investigated was placed in 88 cm. 
long tubes between the two poles of an electromagnet, the poles bemg 
88 ст. wide. А long glass strip under pressure or strain was used 
ав а compensator. The strip bent in its own plane would produce 
different layers-above and below the neutral axis which will behave 
like a series of uni-axial positive and negative crystals with their axes 
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parallel to the neutral axis. The beam of the plane polarised light 
after being allowed to pass through this compensator strip is ex- 
amined with & crossed nicol and a telescope attached to an Adam- 
Hilger micrometer eye-piece. In all the cases, a current of 8 amperes 
was passed through the electromagnet producing a field of 6500 
gauss which was sufficient to cause marked shifts in the dark band. 
Nitrobenzene along with the same strained compensator was used as 
a standard for comparison. The readings in terms of micrometer 
scale are given below. 


The Influence of Dilution. 


The Cotton-Mouton constant for nitrobenzene has been regarded 
as 100 for comparison, and the values have been expressed relative 
to it. Inthe given field with the same compensator, the shift 
observed in the case of nitrobenzene corresponded to 108 divisions 
on the micrometer scale. 

To some extent, the values alao depend on the mode of preparing 
the solution of the colloid which gives particles of different disperaity, 
and as such in one set of experiments, one and the same sol was 
used. A mean of six readings was usually taken for shifts. 


TABLE III. 
Bol cono. (6) .. 20 1:0 06 04 
Shift (micrometer 
scale) .. 100 63 28 19:5 
Relative birefrin- 
gence .. 996 584 25'9 181 


These results show that in the case of this sol, the birefringence is 
approximately proportional to the concentration ofthe sol, The 
anomaly is more marked in the first dilutions. 


TABLE IV. 
Influence of Potassium Chloride. 


To 10 c.c. of 2% sol varying amounts of N [10-KCl were added 
and the total volume was made up to 20 o.c. by adding water, 


N/10-KCi se - 0 0*5 1-0 3*0 
Shift OQ 68 44 82 21 


Relative birefringence ,.. 68'4 40'6 20'6 19'4 
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` Thus ав the concentration of potassium chloride is increased, the 
magnetic birefringence of the colloidal solution is decreased. This: 
corresponds to the dissolving influence of chloride ions as м. 
by Wo. Ostwald and Martens (loc. cit.). 


T i | ^ TABLE V. 
Influence of Potassium Bromide. 


То 10 с.с. of 2% sol varying amounts of N/85-K Br were added 
and the total volume was made up to 20 o.c. | 


1 


KBr (с.с.).. 0 0:5 1:0 2'0 8'0 5°0 10°0 
Shift — ... 47 4l 95 ' 48 63 82 175 
Relative < 
birefringence... 48:5 380 324 443 088 759 1020 


It will be seen from these readings, that in the presence of small 
quantities of potassium bromide, the anisotropy of the particles 
decreases, but after a concentration, the value begins to rise and 
goes to a considerably high length. According to the observation 
of Wo. Ostwald and Mertens (loc. ctt.), the addition of bromide ions, 
similar to chloride ions, should bring out the dissolution of the colloi- 
dal phase. Our results on birefringence, however, show that this 
dissolution is only brought about at lower concentrations of bromide 
ions. That the sol undergoes coagulation at higher concentrations 
of bromide in much less time is also seen from the following results 
on jelly formation of the sol under the influence of bromide ions. 


Amount of sol=3 с.с. Total vol. =6 o.c. 


N]9-KBr(ooc.) ... 14 1'6 l'6 
Time of getting ... i 80’ 80’ 80" 
TABLA VI. 


| Influence of Potassium Nitrate. 
Amount of 2% 801-10 e.c. — Totgl vol. =20 c.c. 


N/20-KNOs (ee) | .. 0 1-0 2*0 80 > 40 
Shift | . 41  — BB 71 101 182 


Relative birefringence ... 49'b ‚87 057 $95 - 192 
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: -~ Influence of Barium Nitrate. 


It could not be possible to study magnetic birefringence with - 
higher concentrations of barium nitrate because the sol developed 
opalescence. The excessive scattering not only diminished the in- 
tensity of light but also caused the depolarisation and hence it could 
not be conveniently crossed by the second nicol. For this reason, 
the influence of very small concentrations of barium salt has been 
tried. 


Taste УП. 
Amount of 2% sol=10 o.c. Total vol. =20 o.c. 


Barium nitrate (0°05%) c.c. .. 0 10 9:0 8'0 
Shift ' aU es uas T 47 48 50 
Relative birefringence ... 485 485 444 4068 


The influence of small amounts of barium nitrate is very slight; 
however, with increased concentrations, in its presence also, as in 
the case of potassium nitrate, the magnetic birefringence is consider- 
ably increased. 


Magnetic birefringence according to the theory of Langevin is 
due to the combined magnetic and optical anisotropies of the mole- 
cules. Ina magnetic field, the molecules try to set themselves in 
places of easiest magnetisabilty so far as the thermal agitations 
allow, and on account of this tendency, if the molecules are optically 
anisotropic also, the medium acquires a feeble birefringence. In 
the case of colloidal solutions, apart from the molecular anisotropy, 
a sort of structural anisotropy dependent on the nature of colloidal 
aggregation is also exhibited. у 


Unless under flow, the sol of mercurisulphosalicylic acid does 
not show any marked optical double refraction and as such, 
the values obtained under the influence of magnetic field show that 
ihe particles become orientated as soon as the field is applied. Thus it 
is а sort of magnetic analogue of rod-like double refraction, the 
theory of which has been developed by Wiener (Ber. sachs. Akad. 
Wiss., 1909, 61, 118). The partticles of the colloids showing magne- 
tic double refraction are non-spherical and markedly elongated, and 
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they are orientated in a regular manner under the influence of 
mechanical flow, orin magnetic or electric fields. When some salt 
as potassium nitrate is added to the sol, the discharged units of the . 
colloidal particles form highly elongated chains and Teneo the ani- 
sotropy is very much increased in its presence. | 


We could nob observe any birefringence in the sols of ferrio phos- 
phate or zirconium hydroxide though these are also lyophilio and 
capable óf giving jellies. Further work is in progress of magnetic 
birefringenee of colloidal solutions. 


The authors express their indebtedness to Dr. К.В. Krishnan for 
providing them facilities to carry on this work in the laboratories of 
Indian Association for the Cultivation of Science, Calcutta. 
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Studies in Tetraphenylmethane Dyes. Part II. 
By- RAJENDRA Nara Sun AND MANAS Mouan нови; 


Sen and Banerjee (J. Indian Chem. Soc., 1981, 8, 77) prepared a 
few derivatives by condensing rosaniline base with sromatic amino 
and hydroxy compounds all of which were found to possess satisfactory 
dyeing properties and for which tetraphenylmethane structures were 
assumed. : е 

In continuation of that work & few more compounds have naw 
been obtained by condensing (i) crystal violet. base and (ii) malachite 
green base with aromatic amino and hydroxy compounds. Tetraphenyl- 
methane structure has also been ascribed to the compounds described 
in this paper. But this requires " be proved later on by further 
work. И 

The method adopted ів the same as that of Sen and Banerjee 
(loc. cit.) viz., by heating crystal vidlet-base or malachite green base 
with 6 suitable mono or dihydroxy or &minobenzene at about 
160-80° for 6-8 hours using fused anhydrous sodium acetate as, -the 
condensing agent, the yields of ше products varying from.-60 to 80% 
of theory. 
= The reaction which takes place may be оі ав follows: 


- -aa 
-a 


жс д. "ur E | 
| мам > он н 
| Meg NÇ Y 

E AN 
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where $i OH or NH, or NMeg, ete. 
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The hydrogen atom para to X reacts with the OH of the car- 
ріло] as usual. 

Though these compounds cannot be represented by any 
quinonoid configuration in the ordinary manner, they are as good 


dyes as the triphenylmethane dyes; such extraordinary quinonoid 
structure as 


- 


- X s | | 
LEM C 
2 
cH," NMes 


is, however, conceivable.. Such alternative method of condensation 
involving atmospheric oxidation as | 


NMe; 
О \(atmospheric) 
H 
NMe 9 
E 
мех < ) 
ы Мө. 


does not appear very likely to take place. 

The compounds derived from crystal violet may be regarded as 
the crystal violet base in which the carbinol ‘OH’ has been replaced 
by a phenyl residue with or without any auxochromic group and their 
colour is generally similar to that of crystal- violet more or less modi- 
fied by the additional auxochromie groups, as will be evident from 
the table. 

In the malachite green series analogous results are obtained, the 
shades on silk and wool of the condensation products being influenced 
exactly in the same way as in the case of crystal violet. 

In this connection it is interesting to note that when the conden- 
sation of crystal violet or malachite green base with salicylic acid or 
o-cresotinic acid is attempted, carbon dioxide is eliminated and the 
product is identical with the product obtained from phenol or o-ere- 
sol respectively. 

As recorded by Sen and Banerjee (loc. cit.) it has also been found 
that these tetraphenylmethane derivatives undergo & marked change 
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of colour іп acid solution in strong sulphuric acid or hydrochloric 
acid exhibiting from yellow to red shade which on much dilution 
changes from light reddish-violet to deep bluish-violet in the crystal 
violet series and from light greenish-blue to deep emerald green in 
the case of the malachite green séries. No such phenomenon is, 
however, observed in the case of the acetic acid solution, 


EXPERIMENTAL. 

General method of preparation and purificalion.—1 Mol. of the 
base (C. V. or M. G.*) was mixed with 14 mol. of the other component 
(aniline, phenol, etc.) and the mixture heated on the oil-bath 
til a homogeneous solution was obtained. Some fused sodium 
acetate was then added, the mixture well stirred, the temperature 
gradually raised and maintained at 160-180°. After 1 hour some more 
of sodium acetate-was added and the heating continued for 6-8 hours 
with frequent stirring. When the reaction was over the excess of the 
second component was removed by (i) steam distillation (aniline, 
dimethylaniline, anisole, resorcin dimethylether), (i) ether extrac- 
tion (anisole, resoroin dimethylether) (in the C. V. series only), (tit) 
treatment with caustic soda (phenol, o-cresol), (iv) washing with 
water (resorcinol). Any excess of the base was removed by treating 
carefully with water slightly acidulated with hydrochloric acid in 
which the base (С. V. or М, G.) is very easily soluble while the pro- 
duct is not so readily soluble. The residue was then thoroughly 
washed, dried, and then treated with solvents. 


Orystal Violet Series. 


Hexamethyltetraminotetraphenylmethane, prepared from crystal 
violet base and aniline, separates from а mixture of alcohol and 
chloroform es а blue powder melting at 115-16°. It is sparingly 
soluble in alcohol and toluene, soluble in chloroform, acetone, 
benzene, carbon disulphide; insoluble in ether, petroleum ether, 
benzene. (Found: N, 12°82. Сз, Н.М, requires М, 12°1 per cent). 

The acetyl derivative. crystallised from alcohol’ as a reddish 
violet powder, m. p. 66-68°. (Found: N, 113. ОззНвО№, 
requires N, 11°1 per cent). 


+ ©. V. Crystal violet base. М. 9. = Malachite green base. 
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p-Hezamethyliriaminotriphonylmethylbenzene-aa0- B-naphthylamine 
was prepared by coupling the diazotised amine with B-naphthylamine. 
It ‘separates from’ petroleum ether (b. p. 95°) as an orange-red 
powder, m. p. 116-17°. (Found: М, db Са1Нае Ng di 
18:6 per cent). 

sym- ое prepared from the 
base and dimethylaniline, separated from alcohol and chloroform 
as a bluish violet powder melting at 102-4?. It is sparingly soluble 
in alcohol, benzene, ether, toluene; readily soluble in chloroform, 
acetone, carbon disulphide and insoluble in -petroleum ether. 
(Found: М, 11°61. Оз: Н, oN, requires М, 11'4 per cent). 

p-Hydroeyhezamethyltrlaminotetraphenylmethane, prepared from. 
the base and phenol, was crystallised from boiling absolute. alcohol 
as a reddish-viole& powder, m.p. 102?.. Ц is sparingly soluble, 
in alcohol, toluene, benzene; readily soluble in chloroform and 
acetone. and insoluble in ether,, petroleum ether and carbon disul- 
phide. (Found: М, 9:4. C5, H440N, requires N, 9'08 per cent). 

The acetyl derivative. orystellsed from alcohol ав a light blue 
powder, та. p. 8485°. (Found: N, 8°84. OCg34H4,04N, requires 
М, 8°28 per cent). 

2:4- ves P Канайдан: отара оа 
from the base and resorcinol, crystallised from a boiling solution of 
alcohol. and acetone as a violet powder melting above 270°. It is 
sparingly soluble in aleohol, chloroform, readily soluble in acetone 
and insoluble in benzene, ether, petroleum ether, carbon disulphide 
and toluene. (Found: N, 8°75. ©O3;H3,0,N; requires N, 8°73 
per cent). | | 7 

The benzoyl derivative crystallised from benzene ав a slate 
coloured powder, m.p. 117-19°. (Found: N, 6'24. C45H,450,N, 
requires N, 6:1 per cent). : 

p- -Methoayheaamethyltriaminotetraphenylmothane, —Ó from 
the base and anisole, arystallised from acetone as a sapphire blue 
powder, m. p. 140-44°, It is sparingly soluble in alcohol, acetone; 
moderately: soluble in chloroform, benzene, toluene, carbon disul- 
phide; insoluble in ether and petroleum ether, (Found: М, 8'98. 
Cao Haz ОМ. requires М, 8'77 per cent). | 

2 :4-Dimethoayhezamethyliriaminotetraphenylmethane, prepared 
from the base and resorcin dimethylether, crystallised. from alcohol 
as а bluish-violet powder, m.p. 122°. It is sparingly” soluble in 
alcohol, toluene; soluble in chloroform, acetone, benzene and carbon 


STUDIES IN TETRAPHENYLMETHANE DYES 459 


disulphide; insoluble in ether and petroleum ether. шш М, 8'4. 
СН ОМ, requires №, 8: 25 percent) © > : IEEE ik. 

8-Methyl-4- ozyhezamethyltriaminotetraphenylmethane, ‚ prepared 
from the base and o-cresol, crystallised from: boiling absolute alcohol 
as а bluish-violeb powder, m. р.: 95°. It is ‘sparingly soluble in 
alcohol, benzene, toluene and carbon disulphide;- readily soluble in 
chloroform, acetone; insoluble in ether ‘and petroleum ether. 
(Found: №, 9'11. Cy gH37ON, requires М, 8°77 per cent). ; 

The acetyl derivative crystallised from alcohol as a reddish-violet 
powder, m. p. 64-65°. (Found; N, 8°42. O334H3$0g4N; requires 
М, 8'06 per cent). , 


Malachi te Green Serics. 


Totramethyltriaminotetraphenylmethane, prepared from mala- 
chite green base and aniline, crystallised from alcohol as в greenish- 
blue powder, m. p. 102°, It is sparingly soluble in alcohol, benzene, 
toluene and carbon disulphide; readily soluble in chloroform and 
acetone. (Found: М, 10'1. СЫН» № requires М, 9°98 per cent). 

The acetyl derivative crystallised from alcohol as a buff coloured 
powder, m. p. 90°, (Found: N,, 9:9, Os Ea ON, ‘requires №, 9°07 
per cent). : | 

p-Tetramethyldiaminotriphenylmethylbenzenea so- В. naphthyla- 
mine, prepared by coupling the diazotised amine with jf-naphthylea- 
mine, crystallised from petroleum ether (b.p. 75-05?) as a yellowish- 
brown powder, m. p. 160-62°. oe ae 124: OsoHsrNs requires 
М, 12°17 per cent). | 
Н ecamothyliriaminotetraphonylmothane, prepared from the base 
and dimethylaniline, crystallised from: alcohol as - a: bluish-green 
powder, m. p. 107-10*; It is sparingly soluble in alcohol, toluene 
and carbon disulphide;-readily soluble in' chloroform, acetone and 
benzene, (Found: М, 9:57. OCg,Hg$4Ng requires М, 9°85 per cent). 

p-Hydroxytetramethyldiaminotetraphenylmethane, prepared from 
the base and phenol, crystallised from & warm mixture of alcohol 
and acetone as & light blue powder, m.p. 76°. It is sparingly soluble 
in alcohol, toluene; readily soluble in acetone, benzene, carbon 
disulphide and chloroform. (Found: N, 6:68. Со, H3 ON, requires 
М, 6°61 per cent). 

The acetyl derivative crystallised from alcohol as a brownish- 
yellow powder, m. p. 98-95°. (Found: N, 6°24. С,,Н,,0М№, 
requires N, 6°08 per cent). 
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2: 4-Diozytetramethyldiaminotetraphenylmethane, prepared from 
the base and resorcinol, crystallised from a boiling mixture of alcohol 
and chloroform за a greenish ash-coloured powder, m. p. 124-26°. 
It is sparingly soluble in alcohol, benzene, ether and toluene and 
readily soluble in chloroform and acetone. ` (Found: N, 6°58. 
C35 H39053Ng requires М, 6:89 per cent). 

The benaoyl derivative crystallised from benzene as a dark grey 
powder, m. р. 118°. (Found: М, 4°6. C,g4Hgg40,N, requires М, 
4°38 per cent). 

_ p; Methozytetramethyldiaminotetraphengylmethane, prepared from 
the азе and anisole, crystallised by adding benzene to a boiling 
methyl alcoholic solution as а bluish-green powder, m. р. 90-95°. 
It is soluble on warming in benzene, carbon tetrachloride; readily 
soluble in aleohol, ether, ethyl -acetate, acetone, chloroform and 
pyridine. (Found: М. 6°71. С.,Н.эОМ. requires N, 6°42 per 
cent), с. - 

2 :4-Dimethoxytetramethyldiaminotetraphenylmethane, prepared 
from the base and resorcin dimethylether, orystallised from alcohol 
ав а dark grey powder, m. p. 85-87°. It is sparingly soluble in 
alcohol and ether; readily soluble in chloroform, acetone, benzene, 
toluene and carbon disulphide. (Found: М, 6°27. C4,H,,04N, 
requires N, 6'01 per cent). 

_ 8.Methyl-4 - ozytetrameihyldiaminotetraphenylmethane, prepared 
from the base and о-сгево], crystallised from benzene апа petroleum 
ether as а рев green powder melting at 118-15°. It is sparingly 
soluble in alcohol, acetone, benzene; readily soluble in alcohol, 
chloroform, toluene and carbon -disulphide. (Found: N, 6°64. 
C3 ,H3g0N? requires N, 6°42 per cent). | | 
.. "The acetyl derivative crystallised from alcohol as ап almond brown 
powder, m. p. 90-01°. (Found: N, 6°99. CyaH 4 OgNg requires М, 
5°86 per cent). E i 
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[Benzthiazoloneyl Quinazolines. 


By PRAFULLA KUMAR Boss AND. Комор Breast PATHAK. 


Complex heterocyclic systems containing the quinazoline ring 
have been synthesised by Аваһіпв, Manske and Robinson (J. Chem. 
. боо., 1927, 1708) and by Aggarwal and Ray (J. Indian Chem. Boc., 
1929, 6, 728) by the method of Sen and Ray (J. Chem. Soc., 1926, 
646), which consisted in condensing suitable cyclic amides with 
. anthranilic acid in presence of phosphorus trichloride. This method, 

however, failed in the case of a-hydroxyquinolines, but by replacing 
the hydroxyl group by of chlorine, the desired results were 
obtained (Bose and Sen, J. Chem. Soc., 1981, 2840). This modified 
method has now been applied to fuse a quinazoline ring ta benzthia- 
zoles, thus: 


The benzthiazoloney] quinazolines (ПТ), thus obtained, are stable 
compounds and can be easily nitrated. The intermediate acids could 
not be isolated from the reaction products, but they are indirectly 
obtained by hydrolysis of (ПТ). The substances are expected to be 
physiologically active, 


8 
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EXPERIMENTAL. 


The chlorobenzthiazoles used in this investigation were prepared 
by the method of Hofmann, the yields being generally poor (Ber., 
1879, 12, 1120). 

1-Chlorobensthiazole and anthranilic acid: Formalin of (III).— 
Molecular quantities of the components were carefully heated over а 
small flame, which was withdrawn as soon as the reaction became 
vigorous. The horny mass obtained on cooling was extracted with 
ammonia to remove any unchanged anthranilic acid. The insoluble 
residue was orystallis:d from a mixture of pyridine and alcohol. It 
formed slender needles, m.p. 189°. (Found: C, 66°48; Н, 8°12; М, 
10-9; 8, 12°5. O,,H40N38 requires О, 66-6; Н, 8:17; М. 1411; 8, 
12'7 per cent). 

Hydrolysis of above: Formation of (1) от (II).—The substance 
' (0'4 g.) was refluxed with 25 с.о. of 5% alcoholic potassium 
hydroxide for 8 hours. The solution was acidified with acetic acid 
and the precipitate crystallised from acetone as colourless needles, 
m.p. 187°. The substance is acidic to litmus and decomposed 
sodium bicarbonate in the cold. (Found: М, 10°89. С,.Н,,0.№8 
requires N, 10°87 per cent). Acetic anhydride converted it into the 
parent substance (IIT) by extracting a molecule of water. The sodium 
salt was prepared by treating an alcoholic solution of the acid with 
alcoholic sodium hydroxide. On recrystallisation from alcohol it 
melted at 278°. (Found: Na, 7:8. C,,H ,O,N g8Na requires Na, 
1'9 per cent). 

Nitration of (IID).—To а cooled mixture of 1 c.c. fuming nitric 
acid and 1 с.о. concentrated sulphuric acid was gradually added 0'5 р, 
of the substance. After.a few minutes the yellow solution was 
poured into crushed ice and the- precipitate collected. It formed 
yellow needles from hot acetic acid, m.p. 279-80°. (Found: М, 
| 16:65. O4 4HgON48(NOg)s requires М, 16:4 per cent). 

1-Chloro-5-methylbenzthiazole was prepared by Hofmann’ в method 
and was obtained as colourless needles from cold methyl alcohol, m.p. 
42°, Hunter (J. Chem. Soc., 1980, 2206) described this substance 
as an oil, b.p. 148-52?/15 mm. On condensation with anthranilic 
acid, the corresponding benzthiazoloneyl quinazoline was obtained ав 
colourless needles, m.p. 226°. (Found: О, 07:08; Н, 8°77; М, 
10°48. С. НлоОМ»8 requires C, 67:66; Н, 8°76; М, 1075 per cent). 
Hydrolysis with alcoholic alkali led to {Йе formation of a crystalline 
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acid, m.p. 188-89°. (Found: N, 9:50, О,Н,.02№8 requires М, 
9'8 per cent). It could be converted into the original compound by, 
the action of hot acetic anhydride. The sodium salt melted at 280°. 
(Found: Na, 7'71. C ,,;H,,OgNgSNa requires Na, 7°61 per cent). 
Nitration with a mixture of fuming nitric acid and sulphuric acid in the 
cold gave rise to twocompounds: (i) A dinitro-compound, m.p. 280°, 
which separated from acetic acid as yellow star-like crystals, and (ii) 
а mononitro- compound which was less soluble in acetic acid 
and formed yellow needles from acetone, m.p. 804°. [Found: (i) М, 
15'9. (i) М, 187. O,,;H,ON,8(NOg)q requires М, 167 per cent. 
0; 5H,ONg8(NOQ) requires М, 18:6 per cent]. 

]-Chloro-8-methylbensthiazole.—Attempts to prepare this by 
Hofmann’s method (temperature range 180°-170°) or by Hunter’s 
modification of the same method (J. Chem. Soc., 1925, 1488) were 
not successful. By Sandmeyer’s reaction the chlorobenzthiazole 
was obtained from the corresponding aminothiazole, but the yield was 
too poor to enable us to study its condensation with anthranilic acid. 

1-Chloro-4-methylbenzthiazole and anthranilic acid gave the usual 
product crystallising as colourless needles from a mixture of pyridine 
and alcohol, m.p. 180°. (Found: М, 10°68. ©,,;H,,ON,8 requires 
М, 10°62 per cent). The corresponding acid melted at 189°. (Found: 
М, 9°5. О 5Н1зОзМВ requires М, 9°8 per cent). 


a-Naphthothiasoloneyl Quinazoline. 
8 
M 295. 
| N 
CO 


NZ 


It was obtained in the form of colourless prisms (m.p. 261°) 
by condensing 1-chloro-c-naphthothiazole (m.p. 76°) with anthranilic 
acid in the usual way. (Found: М, 9°26. C,,H,,ON,8 requires 
N, 9°27 per cent). 
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Derivatives of m-Cresotic Acid. 


By NansuiNG МовивнАт SHAH AND hRUPOHAND LILARAM 
ALIMCHANDANI, 


Schleussner and Voswinckel (Annalen, 1921, 422, 111) reported that 
chloral condensed: with m-cresotic acid in the meta position to the 
hydroxyl group. Although in their products the para position, which 
is surely not unfavourable to condensation, is supposed to be vacant, 
they were unable to carry the condensation beyond the first stage. 

It is now found by the present authors that chloral condenses with 
4-hydroxy-5-carboxy-2-methylmandelic acid (1, R=H) (J. Indian 
Ohem. Boc., 1981, 8, 266) and with its methyl ether (I, R=Me) 
(Meldrum and Alimchandani, 15id., 1929, 6, 256). 

The hydroxy condensation product could not be purified ; the 
methyl ether product has been purified, analysed and further exami- 
ned. It might have the constitution (V) or (VII) if m-oresotio acid 
and its derivatives have any tendency to condense with chloral in the 
meta position to the hydroxyl or methoxyl group. The constitution 
(V) is out of consideration because the substance, when heated with 
sulphuric acid, does not give the aldehyde (VI). The constitution 
(VII) is wrong because the substance (a) on hydrolysis, gives the 
original mandelic acid (I, R-— Me), (b) on reduction, gives the 
substance (III, R=Me) which on treatment with sulphuric acid 
gives 2-methyl-4-methoxy-65-carboxybenzaldehyde (IV, В=Ме) 
(Meldrum and Alimchandani, loc, ctt.), (0) on oxidation, gives a- 
coccinic acid and not cochinillic acid. Thus the evidence is that 
chloral does not condense with m-creaotic acid or its derivatives in 
the meta position to the hydroxyl group. 

АП the reactiona indicate that the condensation product is the 
chloralide (1, R=Me). The reduction product (III) ів a mixed 
ether in which one of the radicals is derived from the alcohol 
HO‘CH,°CHC!,. There is а possibility of a double bond in the side- 
chain of (III) of the type ~CH:CCl,g. But this has heen excluded 
on the grounds (i) of the results of analysis and (i?) that it does not 
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absorb bromine. Meldrum and Kapadia (J. Indian Chem. Boo., 
1982, 9, 483) have also described similar reduction products containing 
the group —ОН„ ОНО. 

Other ethers obtained similarly from various chloralides and 
derived from the alcohol ~HO'CH,'CHCl, will be described in a 
subsequent paper. 


Н:С01, е CCl, RO Pa o! 
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4.Methoxy-5-carboxy-2-methylmandelic acid chloralide (П, R= 
Me).—4-Methoxy-5-carboxy-2-methylmandelic acid (I, В=Ме) (10 g.), 
chloral hydrate (14 g.) and sulphuric acid (80 c.c.) were mixed and 
the clear solution, obtained on shaking, was kept for 6-6 days. ‘The 
reaction mixture was then poured into ice when a white -solid 
separated, which was collected, washed and dried on a porous plate. 
It was crystallised from ethyl acetate as rhombic crystals, m.p. 
178-79°. (Found: Cl, 28°91. C,3H,,0,Cl, requires Cl, 28°81° 
per cent). It is very soluble in acetic acid, acetone, ether; soluble- 
in ethyl агаш, а and реш AES а 
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Hydrolysla of the chloralide.—The chloralide (8 g.) was boiled with 
a solution of barium hydroxide (10 в. in 150 с.о. of water) for about 
an hour. The solution, when evaporated to a small bulk, deposited 
silky clusters of needles which were found to be the barium salt of 
the original mandelic acid (I). 

Reduction of the chloralide.—To the hot solution of the chloralide 
(5g.) in glacial acetic acid (60 с.о.), zine dust was added slowly. 
After the reduction was over, the solution was filtered to remove 
unchanged zine and the filtrate was diluted with water. On rubbing 
with а glass rod, a white substance was obtained which was found to 
be а zine salt. On treating with hydrochloric acid, the reduction 
product was obtained. It erystallised from dilute methyl alcohol 
as needles, m.p. 195-96°. (Found: С, 45:04; H, 4°00; Cl, 2127. 
CisH1406Clg requires C, 46:80; Н, 4:16; Cl, 21°04 per cent. 
Unsaturated formula C,3H,,0,Clp requires C, 46°68; H, 8°58; 
C], 21°17 per cent). 

The reduction product (IIT, 1g) was dissolved in chloroform and 
bromine (0:5 в.) dissolved in the same solvent, was added. The 
colour of the bromine was not discharged even on keeping for 24 
hours, indicating that the reduction product was а saturated sub- 
stance. On evaporating the solvent, the original product was 
obtained. Dry ether was snbstituted as а solvent with the same 
result, 

Action of sulphuric acid on the reduction product,—The reduction 
product (1 g.) was heated with 20 c.c. of sulphuric acid on the water- 
bath; hydrochloric acid gas was evolved. On adding the cold 
reaction mixture to water, a white substance separated, which after 
erystallising from water was found to be identical with 4-methoxy- 
5-carboxy-2-methylbenzaldehyde (IV, R=Me) (Meldrum and Alim- 
chandani, loc, cit.). 

The authors express their thanks to Dr. А. N. Meldrum for his 
encouragement throughout the course of this work. The authors 
also wish to thank the University of Bombay for a grant to one of 
them (N.M.8.) in aid of this investigation. 
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Induced and Photochemical Oxidation of Sodium 
Tartrate by Air and its Use in Diabetes and 
Prolonged Fasting. 


By О, C. Parit AND N. В. Duar. 


In several publications (J. Phys. Chem., 1025, 29, 926; 1928, 82, 
1268; 1980, 84, 711, 998; 1982, 86, 2504; Z. anorg. Chem., 1980, 
191, 150) we have shown that in presence of inductors like ferrous 
hydroxide, cerous hydroxide, menganous hydroxide, glutathione, 
insulin, ete., which can take up oxygen directly from air under 
ordinary condition, solutions or suspensions of food materials like 
starch, sugara, proteins (egg-yellow, egg-white, milk, amino acids 
eto.), fats (butter, lecithin, etc.), glycogen and glycerol can be readily 
oxidised by -passing air at the ordinary temperature. Moreover, it 
has been shown that solutions or suspensions of these food materials 
can be oxidised to carbon dioxide and water by simply passing air 
in presence of sunlight. In presence of sunlight, the induced oxida- 
tion of food materials is greatly increased, 

In this paper, we are recording the experimental results obtained 
in the oxidation of sodium tartrate in presence of inductors like 
ferrous hydroxide or cerous hydroxide by passing sir through its 
solutions and also the resulta obtained in presence of alkali, alkali 
carbonate, alkali bicarbonate and alkali sulphite respectively in (i) 
diffused light and (ii) sunlight. 

In these experiments, a slow current of air, free from oarbon di- 
oxide, is passed through a bottle containing the solution of sodium 
tartrate. Each of these bottles contained freshly prepared 0°1069 в. 
of cerous hydroxide or 0°06476 р. of ferrous hydroxide. In each case 
10-c.c. of the tartrate solution are added to the inductor ‘and the 
total volume is then made up to 100 с.с. and a known volume of 
air was allowed to bubble slowly through the mixture. After passing 
the requisite amount of air the mixture is treated with a saturated 
solution of potassium sulphate to coagulate the hydroxide, filtered 
and washed with water containing potassium sulphate till free from 
tartrate. The filtrate containing the unoxidised tartrate is concen- 
trated toa small volume (10 с.о.) and heated with 5 в. of potassium 


9 
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chloride and б с.с. of glacial acetic acid (00—10095). The tartrate is 
then precipitated as bitartrate by the addition of 60-60 o.c. of 
absolute alcohol. The precipitate of potassium bitartrate is allowed to 
settle for 2 hours and filtered and washed well with absolute 
alcohol free from acid. The precipitate is dissolved in hot water 
and the solution is titrated with a standard solution of caustic soda, 
using phenolphthalein as indicator. From the amount of alkali 
required, the quantity of tartrate remaining unoxidised is estimated. 
The following are the experimental results, 


TABLE I, 


In each of these experiments, 0:06476 g. ferrous hydroxide or 
0*1069 g. cerous hydroxide was taken. 1C.c. of N/10-NaQH=0'0194 в. 
of Na-tartrate. 10 c.c. of solution of Na-tartrate =6'1 o. с. of 
N /10-NaOH = 5:1 x 0°0194=0'0989 g. of Na-tartrate. 


n Duration left after Netart. 
Induotor. а of air the expt. . i. 
> passed. passed. in terms Be NLL ыы 
| of №/10- ? { 

Маон. NaOH. 


Cerous hydroxide 86:5 litre 18 hr. 995 ос. 915 c.c. 401596 
P wb uses 19:0 80 2°10 8°00 58:8 
, Ferrous hydroxide . 865 ` 18 8-95 115 9208 
vr d ME ш 8 
| 78-0 80 8:20 1:90 87:8 


From the results in Table I, it is seen that the amount of sodium 
tartrate oxidised is greater with cerous hydroxide than with ferrous 
hydroxide used as inductor and that the amount of oxidation increases 
with the increase of volume of air which is passed through the 
mixtures | i 

In order to find out whether cupric hydroxide when added in 
varying amounts to the inductors, would accelerate or retard the 
oxidation of sodium tartrate, we have carried on some experiments 
‚Бу adding 5 с.о. of copper sulphate solution of varying concentra- 
tions to solutions of ferrous sulphate or cerous chloride and the 
“mixture precipitated as hydroxides by the addition of an equivalent 
“pmouut of caustic soda. These mixed hydroxides are then used as 
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inductors in the oxidation of sodium tartrate. The following are the 
experimental results. 


TABLE II. 


In each of these experiments, 20 в.в. of ЕеВО, в0:06476 в. 
Fe(OH), or CeCla =0'1069 а. Ce(OH)g were taken to which бо.о. 
of CuBO, were added and then precipitated as hydroxides by the 
addition of equivalent amount of alkali. 10 C.o. of Na-tartrate 
soln. —5'1 e.c. of N/10-NaOH. 


Amt of Natari, Amt. of 
x Vol. of Duration 4 left after a-tart. 
Indnctor. air of aie added in the expt oxidised Na-tartrate 


passed. passed. 29015 in rmi ot N30 oxidised. 
' of N/10 
added. NaOH, NaOH. 


Qe(OH)4 and 


Ou(OH)s 86:5 litre 18 hr. 0°05 g. 8'5 c.c. 1:6 c.c. 81'87% 
T n 0025 2" 24 41'08 
78*0 80 000865 1'7 8'4 66-7 
Fe(OH)s апа 
Озон), 98°5 18 0°05 4 0-9 17-6 
uM » 008 3% 16 814 
78:0 80 0'000b @6 Q'b 49'02 - 


From Table П, we find that the amount of oxidation of sodium’: 
tartrate is greatly accelerated by the addition of very small quantity 
of copper. On comparing the results given in Tables I and IL it is 
seen that copper, when present in greater quantity acts as a marked 
retarder, whilst it acts &s an accelerator when present in minute 
quantity. We have also investigated the influence of mild and 
strong alkali on the oxidation of sodium tartrate without any induc- 
tor in presence or absence: of sunlight. The following results are 
obtained: - _ ; f 


ТаАвьв III. 


4 


Experiments т diffused light. 


. In each of these experiments, 10 о.о. of sodium tartrate solution 
were taken to which a definite weight of strong or mild alkali was 
added and sir was passed into the solution. The volume of air 
passed=20 litres in 7 hours. 10 С.е. of sodium tartrate solution= 
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5:1: o.c. of N/10-NaOH. 


Amt. of substance Amt. of Na-tart. Amt. of Na — Na-tart. 
Substance used. added in left after the tart. oxidi- oxidised. 
10 o.c. expt. in terme вед in terms 
of the soln. of N/10-NsOH. of N/10-NsOH. 


1. Oaustic soda 004g. . 4°85 с.о. 0-26 ос. 49% 

2.: Bodium carbonate 0°10. 4°30 0°20 3°92" | 

8. Sodium bicarbonate 010 4-95 _ 015 994 

4. Sodium sulphite 0-10 4°80 080 6'9 
ТАвьЕ IV. 


Experimente in presence of sunlight. 


10 C.c. of solution of sodium tartrate—05'1 c.c. of N/10-NaOH. 
Volume of air pagsed —20 litres in 7 hours, 


Amt. of subs- Amb. of Na-tart. Amt. of Na  Na-tart. 


Substance used. tance added in left after the багі. oxidi- oxidised. 
10 o.c, of expt. in terms sed in terms 
the soln. . of N/10-NaOH. of N/10-NaOR. 
1. Caustic soda - 0°04 g. 4*1 o.c. 10 сс. 1909 
3,, Sodium carbonate Q*10 4'2 0'9 17°6 
8. Sodium bicarbonate 0°10 48 0-8 150 
4; Sodium sulphite 0°10 3:8 18 256 


' The above results (Tables III and IV) show that the amount-of 
oxidation of sodium tartrate is greater in presence of sunlight than’ 
that in its absence under the same conditions. The order of” oxida- 
tion of sodium tartrate in presence of alkali or alkali salts.in- both 
the cases is the following:—sodium sulphite>sodium hydroxide >- 
sodium carbonate>sodium bicarbonate 

Sodium sulphite acts also as an inductor and that is why the 
amount of oxidation is greatest in its presence. The foregoing 
results obtained in light show that in presence of sunlight the 
amount of tartrate oxidised is greater than in the diffused light of 
the laboratory. It is known that visible light; specially rays of longer 
wave-lengths, dan penétrate the epidermis to appreciable depths and; 
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hence № has been suggested that light acts as a preventive and 
curative agent.in diseases by acting not only as a stimulant of the 
body cells but also as an accelerator in the metabolism of food 
materials (compare Dhar, ‘‘New Conceptions in Biochemistry,”’ 
1982). i 

From these results, it appears that tartrates are oxidised both in 
presence of light or inductors. Hence it seems that in the animal 
body tartrates may act not only as buffers in maintaining the 
alkalinity of the system but they can also supply energy acting as 
food material. 


TABLE Va. 


Estimation of potassium oleate oxidised by the addition of small 
quantity of inductors—ferrous (0°00648 g.) or cerous hydroxide 
(=0'01069 g.)—in presence or absence of sodium tartrate. 

To each of these hydroxides 20 c.c. of 1% solution of potassium 
oleate added. The volume of air passed=78 litres in 80 hrs. 20 С.о. 
of sodium tartrate solution = 10'8 c.c. of N/10-caustic soda=0'1998 р. 
of sodium tartrate. | 

Amount of absorption of IC], by fat in terms of N/10-sodium 
thiosulphate befcre the experiments (blank)=11'8 c.c. 


Amt. of Na- Amt. of absorp- Amb. of fst Amount 
tartrate added. tion of IC], by oxidised in of fat 


Inductor. = left afterthe terms of oxidised, 
t. terms in N/10-thio. 
of N/ 10-thio. 

Cerrous; hydroxide 070000 g. 6-2 с.с. 571 c.c. 451% 

0°1998 94 1-9 10:8 

Ferrous hydroxide 070000 6*7 4'0 40-7 

0190908  . 10'4 09. , 79 

TABLE Vb. 


Estimabion of sodium tartrate oxidised by the addition of small 
quantity of inductors under identical conditions asin Table Vain 
рец ог absence of potassium oleate. 

'. Amount of sodium tartrate taken in 20 o.c. of the solution before 
experiment in terms of-N/10 caustic soda (blank) —10'8 o.c. 
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Amt. of K-oleste Amt. of Na-tart. А. ое N& Na-tart. 


di added. left after the tart oxidi- oxidised. 
‚..; Inductor. _ expt. in terms вей in terms 
=. | of N/10-NaOH. of N/10-NaOH. 
Cerrous hydroxide МИ 6-7 c.c. 3-6 o.c. 840596 — 
20 c.c. | 8'6 17 165 
Ferrous: hydroxide , Nil 8'2 $1 208 
20 8'8 1-6 146 


The experimental results show that by the addition of sodium 
tartrate, the amount of potassium oleate oxidised in 80 hours by 
78 litres of air is considerably decreased. In the case of ferrous 
hydroxide as inductor, in presence of sodium tartrate the percentage 
of potassium oleate oxidised is 7°9, whilst under identical ‘conditions 
and in absence of sodium tartrate, the percentage is 40:7. The 
corresponding results with cerous hydroxide as inductor are 16°8% 
and 45°1% respectively. Hence it is clear that the addition of а 
tartrate markedly decreases the velocity of the oxidation of potassium 
oleate. Moreover, the presence of oleate retards the velocity of the 
oxidation of sodium tartrate, 


These results seem important from tis point of view of Баев. 
of diabetes and prolonged fasting. Under normal conditions, the heat 
and energy of the body are derived from the simultaneous combustion 
of carbohydrates, fats and possibly of proteins. When, as & result 
of special conditions, such as diabetes, carbohydrate is not burning, 
more fat and possibly protein must be burnt in order to maintain 
the body temperature and activity at its normal level. Hence in 
unit time, more fat would be burning than under normal conditions, 
and the combustion of fat would be incomplete, so that acetone 
bodies would be formed, Ohbakravarti and Dhar (J. Indian Ohem. 
Soc., 1929, 6, 617) have observed that in the rapid oxidation of fatty 
acids by hydrogen peroxide and ferric salts, there is a formation of 
acetone bodies. They have also observed that if the rate of oxidation 
of fats be slowed down, as the case when-carbohydrates (e.g., glucose) 
are present, the amount of acetone bodies formed diminishes. Palit 
and Dhar (J. Phys. Chem., 1980, 84, 710) further find that, in the 
slow and induced oxidation of fats, acetone bodies are not formed at: 
all, but nd carbon ш and water, the produets of normal 
metabolism; - . :.- ^ . (xd. de idi" diseno) 
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The experimental results recorded here and in previous publica- 
tions show that just as carbohydrates decrease the velocity of 
oxidation of the fats, similarly tartrates can also decrease the velocity 
of the oxidation of fat. Hence a tartrate or a citrate, apart from 
its power of acting as a buffer in removing the excessive hydrogen 
ion (H°) generated in the body, may serve as an anti-ketogenic 
substance like a carbohydrate, 

The authors are of opinion that the tartrates or citrates in the 
drinks will prove beneficial in the treatment of long continued fasts, 
because in such cases the body has not lost the power of oxidation 
and will utilise the tartrates and citrates as food along with the 
fats of the body. 

Our experimental results show that in presence of traces of 
copper, the induced oxidation of tartrate is markedly facilitated, 
whilst in larger concentrations, it retards the same process. Hence it 
appears that in the treatment of metabolism diseases or anaemia, the 
addition of traces of copper salts to iron or manganese may be useful. 


SUMMARY. 


1. Sodium tartrate is oxidised by air in presence of inductors like 
ferrous hydroxide or cerous hydroxide and the amount of oxidation 
is greater with cerous hydroxide than with ferrous hydroxide, The 
amount of oxidation increases with the amount of air passed, 

2. It has been found that copper salts when present in minute 
quantity accelerate the induced oxidation of sodium tartrate but 
when present in larger quantity they act as retarders., 

8. Sodium tartrate can be oxidised both in presence or absence 
of sunlight by passing air through its solution when mixed with 
strong or mild alkali." The amount of oxidation is greater in light 
than in its absence. 

4. Light in the treatment of disease, is likely to act as a 
stimulant of body cells and accelerator of metabolism. 

5. The experimental results show that tartrates may act not 
only as buffers in maintaining the alkalinity of the system but can 
also supply energy serving as food material. 

6. It is suggested that a mixture of sodium tartarte or citrate 
and sodium bicarbonate is likely to be more efficacious in the treat- 
ment of diabetes and long continued fasting than sodium bicarbonate 
alone. 
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Preparation of sym-Aoylarylureas. 
Ву NIRMALANANDA PALIT. 


The present work arose from an attempt to study the para- 
- llelism in reactions between acetoacetic ester and acetylurethane. 
The.former with aniline gives two classes of products according to 
the temperature of reaction, an anil (I) and an anilide (IT), both of 
which easily undergo ring-closure with sulphuric acid thus: 


||. 70008 —— Ue 
P2 UR. x ^Y 2 
[I ы 
NJ OMe NZ O'Me 
N ON 
(Т) 
Ме E 
бо с 
N у 
CH, 
= (Д 
CO CO 
NH 
(II) 


Acetylurethane has a similar constitution to В-Кебот1с ester and 
behaves analogously with phenylhydrazine as observed by Andreocci 
(Gassetia, 1889, 19, 448). This led Clark (J. Chem. Boc., 1898, 
73, 865) to investigate if it also behaves similarly with aniline 
to form anils and anilides as above, and he found that -in all 
his experiments, although no anil formation could be detected, the 
anilide was formed. The present work simed to stretch the analogy 
a little further by trying to effect a ring-closure in the  anilide and 
thereby synthesise the hitherto unknown methyl-a-quinazolone 


| OMe-N - 
Me CO-NH:CO'NH-Ph  —> бен, 
NH —CO 
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The task proved to be very difficult and large quantities of (IIT) 
were needed to make an exhaustive attempt, the results of which 
will be communicated later. Clark’s tediously slow process of heat- 
ing acetylurethane with alcoholic aniline in sealed tubes gave only 
60% yield. The yield of acetylurethane by Moreath's process (Ber., 
1875, 8, 1182) is also not good. It has been found, however, that 
acetylurea which can be obtained in в quantitative yield from urea 
(Werner, J. Chem. Boc., 1916, 109, 1127) on heating with’ aniline at 
170° gave acetylphenylurea in good yield. Walther and Wlodkowski 
prepared this as well as acetyl-p-tolylurea and -benzoylphenylurea by 
the action of the acyl chlorides on the arylureas in hot pyridine, but 
they represented each of them to be unsymmetrical (aa-substituted) 
ureas, NH4'CO'N (В) СОБ. The compou nds, prepared in the present 
investigation, have been found to be identical with Walther and 
Wlodkowski’s compounds and hence their compounds were in fact 
symmetrical, P 

After the extraction of acetylphenylurea with hot water a residue 
was obtaind (m. p. 285-830?) which was stable towards boiling acid and 
alkali and which gave with hot hydrochloric acid traces of aniline. 
This was identified to be diphenylureg and its- -produotion simultane- 
ously with acetylphenylurea suggests that the latter breaks up on 
prolonged heating into phenyl earbimide which unites with a further 
molecule of aniline thus: 


Me'CO-'NH-CO-NH-Ph, | —- MeCO‘NHg+0:C:NPh 
Ph‘NC:C:0+NH,°Ph ` —- РЬМН:СО:МНРЬ. 


Acetamide has been isolated in the products of the reaction. 
The proportion: of acetylphenylurea, diphenylurea, -acetamide and 
unchanged gcetylurea in the melt was approximately 68:5, 11°4, 
14°2 and 5°5% respectively. 16 may be. mentioned here that 
acetylures itself-is known to decompose on heating to give cyanuric 
acid.: Presumably thén,; it first decomposes into acetamide and 
taocyanic acid, the latter polymerising into cyanuric acid, | 


Me:CO-NR:ÉCO:NH, -> Me'CO NH, NH:C:O 
BNH:C:0 >" O,N,OH. — 


If the: acetamide in the present investigation arose from a 
primary décomposition of the starting material, а simultaneous 
formation of monophenylurea ought to result from a condensation of 
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івосуапіс acid with the aniline present. The absence of this and the 
formation of diphenylurea instead, substantially corroborates the 
view of the mechanism of reaction previously mentioned. 


In the above experiment, aniline was successfully replaced by 
p-toluidine and p-anisidine to give yet better yields-of sym-acetyl-p- 
tolyl and acetyl-p-anisylurea. In these cases, the evolution of 
ammonia was very energetic and the reaction was complete within a 
much shorter period and if the heating was continued further the 
yield of acylarylurea was diminished and complex by-produts began to 
appear. Thus acetylures and p-toluidine when heated at 170.75? 
for 8 hours gave a melt which was practically acetyl-p-tolylurea 
alone but if the heating was continued for 2 hours more, its propor 
tion fell down to 80% with a simultaneous appearance of p-ditolyl- 
ureas | 

With p-anisidine the effect of heat was still more interesting. 
Thus at 175-80° for 2 hours, acetylurea and p-anisidine gave a 
melt comprising of 69% of acetyl-p-anisylurea, 10 % of p-dianisyl- 
urea and 20 % of unchanged acetylurea. If the heating was 
prolonged for 2 hours more, no unchanged acetylurea could be 
observed in the melt while the proportion of dianisylurea considerably 
increased. Curiously further, acetylanisylures was totally absent 
and was replaced by two more compounds, one of which was 
identified to be monoanisylurea and the other had an empirical 
formula C,3H,;03Ne. | 

In extending the reaction to the case of benzoylurea, all the 
three amines reacted vigorously to give excellent yields of benzoyl- 
arylureas practically without the formation of any by-product. 
The above method thus proved to be a very easy and quick method 
for the preparation of symmetrically substituted acylarylureas 
from cheap starting materials. | 


HM EXPERIMENTAL. 


Reactions of Acetylurea. 


^ 


(a) With aniline.—Finely ‘powdered acetylurea (5 g.) soaked with 
aniline (4'5 g.), was heated in an oil-bath at 170-75? for 5 hours, 
when ammonia was evolved, The melt was poured in a porcelain 
basin-and the solid (9 g.)- thoroughly powdered and digested with 
warm water fora few minutes. The water extract gave on eva- 
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poration.needles of unchanged acetylurea (0'4 g.), which crystallised 
from alcohol and melted at 217-18°. The alcoholic mother liquor on 
evaporation gave а viscous oil rapidly solidifying to aceta- 
mide (1 g.). 

The residue (72 g.) was repeatedly extracted with large volumes 
of boiling water. Тһе acetylphenylurea crystallised in light fern- 
like mass, m. р. 188°, yield 4:8 в. (Found:N, 15°91. Oy Hio О.М. 
requires N, 15/8 per cent) The portion which did not dis- 
solve in hot water was nearly pure diphenylures. It was obtained 
from alcohol in small slender needles (08 g.), m. p. 285-B6°. 
(Found: С, 78°48; Н, 5:60; М, 8:04. Cis Hig О М. requires 
C, 78°58; Н, 5:66; М, 8'40 per cent). 

(b) With p-toluidine.—Hiqual quantities (8 g.) of both were heated 
to 216-20? till ‘acetylurea melted and formed а homogeneous 
mixture. The temperature was then lowered down and maintained 
at 170° for6 hours. Finally the temperature was-raised to 210° 
to melt it once more. The acetyl-p-tolylurea was extracted with 
hot water and crystallised from alcohol in needles, m. p. 199-200°, 
yield ig. (Found: М, 14°62. Cy ОО» Ng requires М, 14°68 per 
cent). The residue was ditolylurea (2 g.). It was crystallised from 
excess of acetone and alcohol, m. p. 260°. (Found: N, 11°92. 
Cıs Hig О Ng requires N, 11:66 per cent). | 

In repeating the experiment, the mixture was heated at 170? 
for 8 hours only. The acetylurea gradually dissolved in the melt 
and needles separated on the cooler parts. The crude mass. on 
two crystallisations from alcohol gave acetyl-p-tolylurea in clusters 
of needles. 

(с) With p-anisidine.—' The mixture of acetylurea (8 g.) and 
p-anisidine (8 g.) was maintained at 185-90° for 4 hours. The 
cooled melt was soft and sticky and was digested with hot dilute 
hydrochloric acid. The extract on adding alkali gave a precipitate 
which crystallised in plates from water. This was anisidineurea 
(08 g.) m. р. 168°. (Found: N,16°76. CgH,450,4N, requires 
М, 16:87 percent). The residue from the dilute acid was crystal- 
lised from an excess of alcohol in purple needles, m. p. 220-21°. 
(Found: С, 64°02; Н, 5:02; М, 11°48. О,» Hig О. М. requires 
С, 68:07; Н,5'30; М, 11°16 per cent). The portion which did not 
dissolve in alcohol was crystallised froma large excess of amyl 
alcohol in long flat white needles of dianisylurea, m. p. 285-37°, 
(Found: М, 10°46. C15 Hig О» М. requires N, 10°20 per cent). 
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In repeating the experiment the first evolution of ammonia was 
noticed at 180° and the mixture was maintained at this temperature ' 
for 2 hours only. The cooled melt was not sticky and on diges- 
tion with warm water for a couple of minutes gave the unchanged 
acetylurea (1'2 &.). The residue on repeated extraction with boiling 
water gave a wooly mesh of light needles of acetylanisylurea (4 g ), 
m. p. 172°, (Found: М, 18:58. C, 9H ,O3Ne requires М, 13°45 
per cent). The undissolved portion was dianisidylurea. 


- Reactions of Benaoylurea. 


Benzoylurea (8'2 g., prepared in a quantitative yield according 
to the latest improved method of Ostrogovich, Chem. Zentr., 1980, 
I, 889 and better crystallised from pyridine instead of alcohol in light 
shining flakes) and aniline (1:8 g.) began to evolve ammonia at 170°. 
The evolution ceased after 14 hours and although the mixture was 
never a complete melt, the flakes of benzoylurea were replaced by 
minute needles which orystallised beautifully from amyl alcohol in 
a white mesh but was not pure (8 g.). Glacial acetic acid was a 
better solvent for purification, m. p. 204-5°. (Found: М, 11:82. 
O;4,H,504N, requires М, 11°65 per cent). If the heating was 
continued tillthe mixture was nearly acomplete melt, the yield 
was reduced to a quarter and diphenylurea was the chief by-pro- 
duct. 

Benzoyl-p-tolylurea and  benzoyl-p-anisidylurea were prepared 
analogously in exoellenb yields without by-products, both crystallis- 
ing from amyl alcohol, m. p. 228-20? and 219° respectively. (Found: 
М, 11°25. C15 Н,, Og Мо requires N, 11:02 percent. Found: N,10°68; 
Ois H14 O; М. requires М, 10:37 per cent). 

My best thanks are due to Prof. А. B.'Khan M. A. I. E. S., 
for giving me facilities to carry out this work and to Dr. В. C. Ray, 
D. Во., for kindly allowing me to work in his Inorganic laboratory. 
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Oxidation of Sulphydril Bodies by Hydrogen Peroxide 
at Room Temperatures in Presence of Inorganic 
Catalysts. Part I. The Oxidation of Cystine 
and Dithioglycollic Acid in Presence of 
Tungstic Acid and Molybdic 

Acid Sols. 


By J. С. @новн Амр B. C. Кав. 


The discovery of glutathione by Hopkins (Biochem. J., 1921, 18, 
280) has created a new interest inthe study of the oxidation-reduc- 
tion mechanism of sulphydril bodies. Ghosh, Roy Chaudhuri and 
Ganguli (J. Indian Chem. Soc., 1982, 9, 48) have shown that in 
neutral and alkaline medium, a reversible thermodynamic potential 
ig established provided the dithio compound is reduced cathodically 
at a mercury surface and traces of oxygen are completely eliminated. 
This observation of Ghosh and co-workers has been confirmed by 
Brdicka (Collection, 1988, 8, 148) by polarographie studies with drop- 
ping mercury cathode and Green (Biochem. J., 1988, 27, 678) working 
in Hopkin’s laboratory. 

Shinohara (J. Biol. Ohem., 1982, 96, 285) considers that a know- 
ledge of the oxidation mechanism of the sulphydril group to its final 
stage is essential to an understanding of its biological significance. 
He studied the oxidation of cystine by iodine and found cysteic acid 
as the end-product. Warburg (Biochem, Z., 1921, 118, 257) has shown 
that cystine is oxidised to sulphuric acid, ammonia and carbon dioxide 
by oxygen with specially prepared charcoal as catalyst. Dakin has 
carried out a large number of oxidation of substances having bio- 
chemical significance by НО. and has found that the results simulate 
those observed in vivo. Smedley-Maclean and Pearce (Biochem. J., 
1981, 25, 1252) have similarly carried out the oxidation of oleic acid, 
by means of hydrogen peroxide. These experiments were all carried 
out at temperatures above 60°, whereas the life processes occur 
mostly at temperatures below 40°. We have found that deep seated 


486 J. C. GHOSH AND B. O. KAR 


oxidation of sulphydril bodies by hydrogen peroxide easily takes place 
ab temperatures between 10? to 85° provided suitable catalysts are 
present. The present paper deals with colloidal sols of tungstic acid 
and molybdic acid whose behaviour 8s oxidising catalysts agree in 
many ways with those of peroxidases. 


Oxidation of Cystine by means of Hydrogen Peroxide 
in presence of Tungstic Acid Sol. | 


Procedure.—Chemically pure samples of cystine and sodium 
tungstate were taken, the former dissolved in hydrochloric acid 
(Merck’s extra pure) solution and the latter in water. In all the 
experiments we have used the so-called conductivity water. The 
experiments were carried oub-in pyrex conical-flasks which were 
thoroughly cleansed with 20% hydrochloric acid and finally with 
water. The sol was prepared five to six minutes before the actual 
experiment was begun by the addition of dilute hydrochloric acid 
to sodium tungstate solution which reacts тш everson аво acid to 


form а sol according to the equation 
4 NagWo, +6 HOl = Nag0, 4 Wos +6 NaCl 4-8 H40. 


Merck’s chemically pure perhydrol was шей for preparing each day 
& fresh solution of hydrogen peroxide. The reaction mixtures were 
quite stable and no visible turbidity was produced. Three similar 
flasks, the first containing hydrogen peroxide and sol, the second 
cystine, hydrogen peroxide and sol, but all having the. same ры and 
same volume, were kept at constant temperature in a thermostat 
within +0 1° of the required temperature. Тһе first flask 
indicated that no appreciable amount of hydrogen peroxide was 
lost due to the spontaneous decomposition of hydrogen peroxide 
in the presence of-the sol, under the prevailing usual experi- 
mental conditions, the .second showed the absence of any 
decomposition of hydrogen peroxide and any reaction without the sol. 
From the third 0:604 c.c. aliquots were withdrawn at suitable intervals 
by means of a micropipette and hydrogen peroxide left over was 
determined by Kingzett’s method,! 0°01N sodium thiosulphate being 
used as the titre. The amount of reaction that takes place between 
the unoxidised oystine and J, during the period of titration covering 
from б to 6 minutes is. too small to affect the resulta. Almost all 
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the experiments were duplicated under conditions as strictly com- 
parable as possible and the same results were obtained. 

End products and order of the reaction.—Cysteic acid has been 
isolated as the main product of oxidation. Ammonia and sulphuric 
acid in small quantities have also been detected. Cysteic acid is pro- 
duced according to the following equation, 


R-8-S—R+5H,0, = 2RSO$H+4H,0  . (1) 
where Б represents -CH,’CHNH, COOH. 


The presence of small quantities of inorganic sulphate and ammo- 
nia leads us to assume that the reaction proceeds to some extent 
beyond the cysteia acid stage according to the following equation, 


H80,'CH,:CHNH4'COOH--H40,—- CH,:'00:000H 4- NH, + 
Н.80, .. (2) 


pyruvic acid being converted into acetic acid and carbon dioxide in 
presence of excess hydrogen peroxide. We have actually found that 
ammonia is produced not in the cysteic acid stage of the reaction but 
at а much later stage. 

In order to find out the order of the reaction which was 
followed till 60% conversion of cystine, we have only taken into 
account the oxidation of one molecule of cystine by five molecules of 
hydrogen peroxide, i.e., reaction (1). We have found that our data in 
each individual experiment fit into the general equation of the first 
order, E ufo 

DONE. | (a — 2) 
oe ig у og (a — 25) 


where (a— x.) is the concentration of cystine in molarity correspond- 
ing to the time '* t ” which is generally 4 minutes after starting the 
reaction, (2—25) is the concentration at any time і, (in minutes). 
Concentration of cystine at any time was found from the amount of 
hydrogen peroxide that disappeared at that time. It is noteworthy, 
however, that though in each reaction a good unimolecular velocity 
constant with respect to cystine was obtained, the value of this cons- 
tant differed for different initial concentrations of cystine, 


11 
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TABLE I. 
_Effect of varying the concentration of cystine. 
Temp. = 21°. pg, 1:19. Cono. of Na- tungstate = 0'0005M; 


Initial cono. Conc. of БО. Reaction range * К (Pseudo Ist order) 
selected. Limits. 


of oystine. Mean. 
0*00417M 0:0878M (7—80) % 0:0084—0'0081 0"0098 
000884 00898 (7—50) 0*0021—0'0022 00021 
Q'01951 — — 00806 : (6—69) - 0'0019—0°0016 0-0017 


When 1/K against cone. of cystine is plotted graphically, -a 
straight line is obtained (cf. Fig. 1). 


Тавьв II. E 
Effect of varying. the concentration of hydrogen peroxide. 
Temp. = 21°, pH, 1'18. Gono, of Na- tungstate = 0:0005M. 
| Cone. of cystine = 0`00417М. = i 
Initial conc, of HgO; ee 0'0947 0'0408 0°0878 
К T" 0-0015 0*0021 0*0088 
When 1/К against 1/conc. of Н.О, is plotted graphically, a 
straight line is obtained (cf. Fig. 2.). 
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* In all the experiments following we have given only the oan TNT Е ds 
constants obtained between the same reaction range. E d 
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Тави III. 
Effect of varying the concentration of sodtum tungstate. 
Temp. = 21°. рн, 1:18. Cone. of cystine = '00417M. 
Conc. of H304. Cone. of Na- tungstate. K. 
0°0455 M 0'0005 M 0:0023 
0°0487 0'001 0 0084 
0°0461 0:008 0°0055 
TABLB IV. 
` Effect of varying the ры. 
Temp. = 81°. Cono. of cystine = 0°00417M. Cono. of Na- 
tungstate = 0'0005M. 
Conc. НзОз (M) ... 0'0286 00246 0°0246 0°0254 0°0260 0°02578 
Pu woe 0'02 118 1'77 Q'b - 3°5 50 
K „‹ 070088 0*0085 0°0025 0*0018 0'0098 00048 


Тһе рь of the reaction mixtures was gradually increased by the 


addition of requisite amount of distilled ammonia. 


Since the produot 


of the reaction is acidic we used at the higher p, 8'5 and 5, acetate 
buffers at suitable concentrations so that it did not cause any sponta- 
neous decomposition of hydrogen peroxide. 


TABLE V. 


Effect of varying the temperature. 


рн, 1'18. Cone. of cystine = 0'00417М, Conc. of 


Temp. 
11 LJ 
^a 
81 


Na-tungstate = 0'0005M. 


Оопс. of H30«. K. 
0:095 M 0*0008 
0'0247 00015 
0*0246 0:0085 


Influence of traces of salts.—The oxidation of oystine by means of 
hydrogen peroxide does not take place in presence of the following 
salts, vis., CaBO,, 5H,0; FeSO,, 7H40; MnCls, 4H50; Cra(80,4)5, 
18H50; Ce4(SO,)g; KON. But most of them promote the activity 
of the tungstic acid sol as shown in Table VI. 
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Taste VI. 

Temp.=21°. рн, 1:18. Cone. of cystine=0°00417M. Conc. of 

Nag WO, —0'0005 M. = 


Salts. Conc. Conc, of H304. K. 

— - 0:947 М 0*0015 
Fe80,, 7H30 40Tx101M ` 0°0248 0°0022 
Cu80,, 5H,0 4°96 x 10-5 0:0238 00088 
MnOls, 4H30 4°05 x 1074 0°0289 00018 
Org(BO44, 18H30 4к104 — 0:0239 0:0020 
Ce(BO)s ^^ — - 4x104 0*0946 ' ("0018 
KON 1'04 x 1073 0*0247 0'0015 


^ -  Ozidation of Cystine by means of Hydrogen Peroxide~ ` 
in presence of Molybdic Acid Sol. 


`- Procedure.—Here the experimental procedure is exactly the 
same as in the case of tungstic acid sol. А sample of. ammonium 
molybdatė - having the molecular formula (NH,),, Mo709g,, 4На0О 
was taken. In actual experiments its molecular weight was taken 
to be equal to one seventh of its true molecular weight correspond- 
ing to one atom of molybdenum. The во! was prepared 5 to 6 
minutes before the experiment by the addition of HCl to ammonium 
molybdate, the strength of the former in normality being double the 
strength of the latter in molarity.. 


TABLE VII. 
Effect of varying, the concentration of cystine. 
Temp.=81°. pu, 1'18. Conc. of Am. molybdate=0°0005 M. 


Initial conc. of cyatine. Conc. of НаОз. К (unimol. velocity соп- 
stant with respect to 
cystine). 
0'00417 М 0:07 M 0°00290 
0*00884 0-0698 ^ — + 0700246 
0°01251 0°0698 0°00209 


The graph of 1/K against concentration of cystine is a straight 
line (cf. Fig. 3). 
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Тава УШ. 


Effect of varying the concentration of hydrogen peroaide. 


Temp.=31°. pu, 1°18. Cono. of Am. molybdate=0'0005M. Conc. 
of cystine==-0°00417M. 


Initial cono. of НаОз (M) Т 070984 00888 0°07 
K eee 0°00188 0 00285 0°00290 


-= When 1 /K against 1/cone. of hydrogen peroxide is plotted graphi- 
cally, a straight line is obtained (cf. Fig. 4). 
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Conc, of cystine. 


TABLE IX. 
Effect of varying the concentration of ammonium molybdate. 


Тешр. =81°. pg, 1°77. Cone. of cystine—0'00417 M. 


Cone. of НзОз. Conc of Am. molybdate. K. 
00285 M 000025 М _ 070018 
0*0229 0'000% i . 000824 


^ oos - 7 0°001 0'0061 
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TABLE X. 
Effect of varying the pu. 


Temp. —31?. Conc. of cystine=0 00417M. Conc. of Am. molyb- 
date =0°0005M. 


Cone. of H30; (M) ... 0`0233 0'0984 0°0229 0:0353 00258 . 070258 
pu ree 0'93 1'13 1'77 9:5 8'b 5:0 
К ... 0001550  Q'00183 000824 00059 070089 0:0115 
PABLE ХІ. 


Effect of varying the temperature. 
Cone. of eystine—0:00417M. Cone. of Am. | molybdate = 0'0005M. 


Temp. Cons. of H40s. Рн. К. 
21° 0°0284 M а 118 0*0009 
81 "^. 00234 118 000188 
21 0:0235 1'77 ~ 0"0015 
81 00280 | 1°77 0°00824 


Oxidation of Dithioglycollic Acid by Hydrogen Perozide in 
presence of Tungstic Acid Sol. 


The oxidation of dithioglycollic acid takes place in exactly the 
same manner as that of cystine. The sulphydril compound is first 
rapidly converted into its disulphide form in presence of the sol and 
the dithioglycollic acid is slowly oxidised to sulphoacetio acid as 
cystine is oxidised to cysteic acid in accordance with the following 
stoichiometrical equations, 


2R—-B8H-H40,—-R—-8-—8—HR4-H40 (rapid reaction) 
R—-8—-8—R--5 H,0,=2R80,H+4H,0 (slow reaction) 
В representing -CH "COOH. 


Procedure.—The experimental procedure is similar to that in the 
case of cystine. The thioglycollic acid solution was freshly prepared 
everyday. Three pyrex conical flasks, one containing sol and hydro- 
gen peroxide, the second thioglycollic acid and hydrogen peroxide 
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were taken all having same рь and same volume. The first did 
not show any perceptible decomposition of hydrogen peroxide. In 
the second flask the thioglycollic acid was slowly converted into 
dithioglycollic acid as determined by an alcoholic iodine solution. 
In the third vessel the first reaction was véry quick and the velocity 
of the second reaction was measured after the first-reaction was 
over. The amount of hydro gen асе lef& was determined by 
Kingzett’s- method. 


The velocity was represented by & unimolicular equation of the 





form, k= lo u= 21), | 
[gt ° (2-2%) 
Tasis XII. M TABLE XITI. 
Effect of varying the concenira-- Ево? of varying the concentra- 
tion of thioglycollic acid. tion of hydrogen peroxide. 
Temp.=21°, рн, 2:2. Соп, Temp.=21°. рн, 2:2. Conc. 
of NagWO,=0'001M, of Na-tungstate=0°001M. 
Initial conc. of Cone. of K. Conc. of thiogly- Initial cono. К. 
thioglycollic acid. H304. сос acid. of HgO. 
0°00776 M 0'0877M 00021 0*0079.M 0'0288М 0'0016 
0701558 0'0891 0*0018 0°0079 0°0462 0°0018 
0*0231 0*0885 0°0017 0°0078 0°0877 00081 


^ astm XIV, 
Effect of varying the-concentration of sodium tungstate. 
Temp.=21°. рн, 2'2, 


Conc, of thioglyoollic acid. Conc. of H303. Cone. of Na-tungstate. К. 

0*0078M 0*0458M 0-0005М 00011 

0*0079 | 0*0469 j 0001” 0*0018 

00078 - (0449 —— 0*008 0*0080 
TABLE XV. 


Temp.-21?. рн, 1°62. 


Cono. of thioglycollic acid. Cono. of H30. Cono. of Na-tungstate. 


K. 
000797 M ('O458M — 00:00025 0"0018 
0*00785 0°0456 00008 0*0019 

"7 0'0078 i 0'0448 0001 ` 0:0088 
0*0079 -0*0461 -© . 0o 
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Тавин XVI. 
к. Effect of varying the py. 
Temp.=21°. Conc. of Na-tungstate—0'0005M. 


Conc. of thiogly- 
collic acid (М)... 0'00799 0°00785 0'00777 000782 0°00798 0°00775 0°00775 


Cone. of H30; (M) 00455 004566 00481 00458 00445  O'O474 Ото 


рн ... .- 185 162 198 22 9-4 8:9 64 
E aa ... 000178 0009 000156 00011 000095 0'0019 0:0085 
TABLE XVII, 


Effect of varying, the temperature. 
рн, 22. Cono. of Na-tungstate =0-0005М. 


Temp. Conc. of thioglycollio acid. * Conc. of H304. K. 
11* 0'0078M 0:0466M 000047 
21 ќа 00078 00459 00011 
91 0:00786 10:04865 00027 

Di80U88ION 


The oxidalion of cystine and dithioglycollic acid by hydrogen 
peroxide to form respectively cysteic acid and sulphoacetic acid has 
the following characteristic features: 


(1) In presence of tungstic acid sol and molybdic acid sol as 
catalysts, the reaction takes place quickly at room temperature. 

(2) The progress of the reaction in any particular experiment 
with a definite initial concentration of cystine or dithioglycollic acid 
сап be represented with considerable accuracy by a unimolecular 
equation provided hydrogen peroxide is present in excess. But 
unlike the case of true unimolecular reactions, the unimolecular 
constant is not independent of the initial concentration of the 
reductant but diminishes as the initial concentration of the reduc- 
tant increases. | 

(8) The unimoleeular velocity constant increases as the initial 
congentration of hydrogen peroxide increases. 
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-(4) In the case of the molybdie acid sol as catalyst, the velocity 
concentration continually increases as the ри of the medium increases 
from 1 to 6. Beyond pa 5, hydrogen peroxide undergoes slow 
spontaneous decomposition and therefore the optimum condition , 
could not be determined. 


(5) In the cage of the tungstie acid 15 аз "ue the velocity 
constant between pg 1—2'5 has an optimum value at.pg 1°18 for 
cystine and at ри 1°62 for dithioglycollio acid. But ав the Dg is 
increased from 2-5 to 8°6 the velocity constant again increases. and | 
continues to increase up to рн 6. Beyond this hydrogen peroxide 
undergoes perceptible spontaneous decomposition and therefore the 
second optimum ри could not be determined. 


(6) For each 10° rise in temperature the velocity constants 
increase about 2—2'8 times. 

(7) The following salts [Cu80,, 56H40; Fe80,, 7H30; MnOl,, 
4H,0; Cr5(80,)5, 18H40; Ceg(8O,)5] in very low concentrations do 
not decompose hydrogen peroxide but they promote the catalytic 
activity of tungstic acid sol. 

(8) Potassium cyanide has no influence on the catalytic activity 
of the sol indicating that the sol as such and not impurities like iron 
salts present in traces in the sol, is the active catalytic agent. 

(9) As the stoichiometric concentration of the-sol is increased, 
the velocity constant of the reaction increases but not in exact 
proportion to the increase in the concentration of the gol. This 
indicates that the. active surface of the sol, does not increase in pro- 
portion to its increase of stoichiometric concentration. The particle 
size increases with increase in the concentration of the tungstate and 
molybdate used for sol formation and hence the specific surface or 

active surface ee 
mass о 

The peculiarities noted in section (2) and (8) above can be ex. 

plained by the following mechanism of reaction ; — 


the ratio 


-— 


The reaction only takes place between the molecules of reduct- 
ant and hydrogen peroxide actually adsorbed on the surface of the 
вої. We assume further that for equivalent concentrations, the 
adsorption coefficient. of. cystine is Ње same. as thet of cysteic 
acid and- that of dithioglycollic acid is the same as that 
of sulphoacetic acid. The portion of the sol surface covered 
jointly, by: cystine and cystejc acid or by dithioglycollic acid 


12 З 
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and:sulphoacetie acid remains, therefore, constant throughout the 
progress of the reaction іп а particular experiment and the fraction 
depends only-on the initial concentration of the reductant. Let a, 
be the fraction of the sol surface covered by the reductant and the 
oxidised product together, when the initial concentration of the 
reductant is оу. Then at any time during the progress of the 
reaction the fraction of the surface covered by the reductant is 


di Caza) and the fraction covered by the oxidation product is 
1 


ut hers zis the concentration of the reductant oxidised in time 
01 


4. Т a! ів the fraction of the surface area covered by molecules 
of hydrogen peroxide, and if the velocity of reaction is proportional 
to the product of the surface concentrations of the reductant and of 
hydrogen peroxide, then 


dr _ K 4.2.8 1L — E T (i) 
1 


j Kc! 
Kat EKC: Кн É'c! 


where c, is the initial concentration in solution of the reductant and 
c! is the concentration of hydrogen peroxide. If, as in our experi- 
ments the concentration of hydrogen peroxide is always in excess, 
с! may be considered to be constant throughout the course of the 
reaction. Hence 


da Ko! Кусі Oye - "n 





di ИЕ" К+ Күзү” о Ve e 
Ky _ К, 1 о — 
ра IE = — l i= 
or Ks ELEC КЕК, z log TE K (Experimental 
value as given in tables): .. (iii) 


If.c/, i.e., the concentration of hydrogen peroxide is in excess 
the experimental value of the unimolecular velocity constant K will 
depend on the value of с, the initial concentration of the reductant. 
К will diminish as оу increases, and it follows from (iii) that 1/K 


oa 
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plotted against c; will be в straight line, This has been verified 
(cf. Figs. 1 and 8). 

Again for the same initial concentration of reductant c,, the 
value of the unimolecular constant K will depend on the value of c, 
the concentration of hydrogen peroxide. In fact, unlike the previous 
case, the value of K will increase as the: concentration of hydrogen 
peroxide increases. According to Equation (zt) 


Е К»+Күсү EU +1 
К К, К K'c! 


i.e., for constant value of ст, the reciprooal of the observed velocity 
constant plotted against the reciprocal of the concentration of hydro- 
gen peroxide will be a straight line. This has also been verified 
(vide Figurea 2 and 4). 


CHEMICAL LABORATORY 
Тив Untversiry, БАССА. Recetoed November 94, 1083. 


Parachor and Ring Struoture. Part I. 
Bx Вов, Комов Hav. | 


The parachor’s contribution of ring compounds has been investi- 
gated by Sugden and his co-workers, and the parachor values of the 
8-, 4-, 5-, and 6-membered rings have been determined by them. 
Sugden in his investigations considered generally the bhomocyclic 
carbon compounds with the object of finding the influence of the 
nuniber of atoms in & ring-system on its parachor value. The present 
investigation is undertaken to decide whether there is any specific 
influence of а ring structure on the parachor values, or whether the 
number of atoms (and their mode of linkage) is the only factor 
to be taken into consideration. 


In the present paper, data are given for fifteen cyclic compounds. 
The surface tension has been determined by the method of maximum 
bubble pressure. The_apparatus employed was of the usual Sugden 
type. Tubes containing activated charcoal were introduced between 
the bubbler and the manometer to prevent the fouling of the alcohol 
surface by the vapour of the liquid in the bubbler, asin the work 
of Hammick and Andrew (J. Chem. Soc., 1929, 754). The specific 
gravity of the liquids were determined with a 10 c. o. specific gravity 
bottle, while that of the solids by means of a U-shaped pyknometer 
as employed by Sugden. Pressure differences were read correct to 
0°05 mm. and the error is probably not more than +0°02 mm. The 
surface tension and the density determinations were made at the 
game temperature (0°50). .The bubblers were standardised with 
benzene (M.R.), purified by crystallisation and then distillation, and 
were restandardised before each observation. 


The liquids and the solids used were very carefully purfied, the 
former by distillation, generally under reduced pressure and the 
latter by repeated orystallisation until there is no change in the 
surface tension or density. 

The observed values of -the parachor for these substances are 
given in the fourth column of the following tables; the column 
headed [Р] gives the sum of the atomic and structural constants 
except that for the ring, so that the effect of this structure if obtained 
by subtracting. S[ P ] from. [Р], and is given in the last column. 
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TABLE I. 


Pyridine and condensed benzopyridine rings. 


Temp. 


Pyridine 955" 
Piperidine 270 
a-Picoline — 9670* 
Quinoline 26:0* 
Quinaldine 27°5° 


8 Oxyquino- 
ine 


isoQuinoline 26'8" 


Density. 


09899 
0°8980 
0*9569 
1'098 
1058 


1127 
1'108 


. Burface 


tension. 


87°52 
84°87 
84°74 
44°61 
40°72 


89°68 
46°28 


[P] obs. e [P]. Diff.theor. 


197-4 

230'0 
2968 
803°6 
8481 


822'8 
508°8 


1916 
224°6 
9806 
2914 
830-3 


3114 
391-4 


61 
61 
61 

19:2 
122 


1272 
133 


Diff. obs. 


12-2 
19-8 
114 
12-4 


It is evident from Table I that the parachor value of the pyridine 
ring is about the same as that of benzene 
the substitution of а carbon atom in benzene by a nitrogen atom 
has no effect on the par&chor. Moreover, by the fusion of two ring 
systems as in quinoline and its derivatives, the parachor value of 


the separate nuclei remains 


unaltered. 


nucleus. 


Hence 


This observation is also 


supported by the work on naphthalene derivatives (Vogel, J. Chem. 
Вос., 1928, 2017; Bhatnagar and Singh, J. Indian Chem. Soo., 


1929, 6,263). 


— 


Temp. 


cyoloPentanone  29'0" 
Forfuraldehyde —80'0* 


Pyrrole 29*0* 
Suocinimide 128° 

Niootine 81°2° 
Indene 80"5° 


Phthallic anhy- 
“äride 180 


In $ ] _ 9oyb* 


TABLE П. 


Five membered ring system. 


Density. 


0'0495 
1169 
0"9809 
1'242 
1'005 
1:004 


1288 
1'070 


Surface 
tension: 


82°38 
41°09 
98-80 . 
45:90 
86-50 
36°99 ` 


89:50 
87°89 


[P lobs. 


212:8 
alot 
166°7 
206°7 
89078 
284°9 


205-1 
2702 


БЇР]. 


904*0 
2090 
168°6 
208-6 
882 0 
979'8 


282'8 _ 


209'4 


146 


146 


14'6 
_14°6. 
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It will be seen that the substitution of а carbon atom in cyclopen- 
tane derivatives by an oxygen atom has no effect on the parachor 
contribution; but the replacement by a nitrogen atom asin pyrrole, 
succinimide and indole, reduces the parachor value by about 5°5 
units. In nicotine, where the pyrrole ring is fully saturated, the 
normal valus is found. It thus appears that not only the nature of 
the substituents but the degreee of unsaturation of atoms in forming 
а ring ав well, influences the parachortoa certain extent. It is 
also of interest to note that though the condensation of two six 
membered rings has no effect on the parachor, the condensation of 
& six and a five membered ring, as in indene, phthallic anhydride and 
indole, lowers the parachor by about 2'5 units. 

It is obvious, therefore, that in this series as in other (cf. 
Bugden and co-workers, J. Chem. Soc., 1995, 1868; 1027, 189) the 
parachor is not strictly an additive function of atomic structural 
constants, but that these constants vary slightly from substance to 
substance. The variation in the constant for the five membered ring 
appears to be in harmony with modern views as to the effects of 
substituents on the stability of rings. The effect of various other 
types of ring structures on the parachor contribution is under investi- 
gation, 

My grateful thanks are due to Prof. P. В. Ráy of the University 
College of Science and Prof. A. Maitra of the Presidency College 
for the kind interest they took in the work. 
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Obituary 


PROFESSOR ANDREW NORMAND MELDRUM 
Born 19th March, 1876. Died 12th March, 1084. 


By the unexpected death of Professor Andrew Normand Meldrum 
on March 12th, the Indian Chemical Society has lost one of its 
Foundation Fellows. He took a keen interest in the activities and 
progress of the Society. Не was (Honorary) Editor from 1925.20 
and its Vioe-President from 1927-29. He took great interest in 
starting the Bombay Section of the Society and was its President 
for about three years. 

Professor Meldrum was born on March 19th 1876 in Scotland 
and was educated first at the Royal College of Science, London and 
then at Aberdeen University and at the Victoria University, 
Manchester. Between 1899 and 1901 he published with Japp papers 
on the interaction of phenanthraquinone, acetophenone and ammonia, 
on the condensation of benzoin and phenols, and on the homologues 
of anhydracetonebenzil which cleared some doubtful points regard- 
ing their constitution. Professor Meldrum next appeara to devote 
his attention to the atomic theory. In 1904 he was awarded the 
D.Sc. degree by the University of Aberdeen on a Thesis on 
“© Avogadro snd Dalton: The standing in Chemistry of their 
hypotheses ’’ which was published in the samé year. He was 
awarded & Research Fellowship from the Carnegie Trust and started 
work with Turner at Sheffield on the '' Complexity of amides in 
various solvents." He appears to have carried outa part of this 
- work in Perkin’s laboratory at Manchester where he also obtained 
one of the two known stable 8-lactones by the interaction of acetone 
and malonie acid in the presence of acetic anhydride and sulphuric 
acid. -In 1911 he published s paper on substances related to 
cochenillic and carminic acids. He synthesised the methyl ether 
of 8-coccinic acid and found it to be identical with that obtained by 
the degradation of cochenillic seid, the colouring matter of 
cochineal. 

In 1912 he joined the Indian Educational Service and was 
appointed Professor of Chemistry st the M. R. Institute of the 
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Gujerat College, Ahmedabad. In 1920 he took up work on '' Deriva- 
tives of раіс acid,’’ and also published a brochure on ‘‘ The develop- 
ment of the atomic theory ''in continuation of his earlier work. 
In 1922 he was transferred to the Royal Institute of Science, 
Bombay, where he proved & most successful teacher and adminis- 
trator, and carried out most of his research work in India. He was 
interested in the chloral condensations. One of his students the late 
Mr. К. 8. Vaidyanathan synthesised cochenillic acid under his 
guidance. A new synthesis of indigo was also achieved by him 
as a result of the study of certain chloral condensations. Another 
important result of his study of chloral condensations is the discovery 
of anew method for the synthesis of substituted phenylacetic acids. 
On the inorganic and physical side he worked with his students on 
the -isolation of boric acid complexes with polyhydroxy substances 
and also on the study of certain physical properties of solutions of 
sodium borate. Administrative duties as Principal of the Royal 
Institute of Science did not leave him much time. Не published 
about nine papers in the Journal of the Indian Chemical Society. 
Two of his papprs in collaboration with studénts are still awaiting 
publication in the same Journal. 

Towords the end of his career in India Professor Meldrum again 
took up his researches in historical chemistry in right earnest. He 
published a monograph on “ The Eighteenth Century Revolution in 
Science: First Phase °’ in. 1981 and in this as well as in various 
papers on this subject he showed himself, as has been remarked in 
Nature (May 19, 1984) ‘‘aclose student as well ав a keen and at 
times, outspoken critic.” In April 1988 he read before the Chemical 
Society, London, three addresses on Joseph Priestley on the occasion 
of the Bicentenary Celebrations of that philosopher. 7 

While in India Professor Meldrum took an adequate interest іп 
various scientific and educational activities. Не was President of 
the Chemistry Section of the Indian Science Congress in 1928. He 
was a member of the Senate, on the Syndicate and was elected 
(in 1980) Dean of the Faculty of Science of the Bombay University. 
He took а prominent part ав а member of the Visvesvaraya com- 
mittee appointed by the University of Bombay for drafting a scheme 
for starting the department of Chemical Technology. He was 
nominated ass trustee of the Prince of Wales Museum and as a 
member of the Provincial Council of Agricultural Research. 

He retired from service in India in 1981 and went to his home 
in Edinburgh to spend the remainder of his life. During the ghort 
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period of his retirement he: continued to be busy with historical 
chemistry and before his death he was actively engaged in a careful 
serutiny of the contemporary and RUE literature relating to 
Black’s discoveries. 

His only son died in 1988. This appears to have had its effect 
on him. He-then decided to move to Berkshire but died while 
completing the final preparations for moving. Не leaves behind 
him a widow and two daughters. 

He undertook cheerfully the onerous duties of a Honorary Editor 
(Organic section) of the Journal of the Society. He was most polite 
in meeting the criticisms-of authors against the decisions of the 
Editor and we recall with pleasure his attitude in these matters. 
He was for maintaining a proper standard but at the same time 
believed in polite persuasion. He gave the Society his wholehearted 
support. One of us had the pleasure of meeting him in 1982 at his 
home and the hospitality he enjoyed from both Prof. and Mrs. 
Meldrum on that occasion and the eager interest with which he 
discussed the various problems relating to our Society will ever 
remain as a pleasant remembrance of his genial personality. 

Below is given an account of various: papers published by Prof. 
Meldrum himself and with his collaborators. 

Substances related to cochenillic acid and carminic acids. 
Part I. Synthesis of the methyl ether of В- and of a- coccinic acid. 
(Т. Chem. Boc., 1911, 99, 1712). 

The и of atomic theory. Parb II. The various accounts 
of the origin of Dalton's theory. (Mem. Manchester Phil., Soc., 
1911, B8, No.8). 

Part III. Newton’s theory and its influence in the eighteenth 
century. (ibid., 68, 1911, No. 4). Parts IV-VI. (ibid., 1911, 88, No. 6, 
No. 19). Part УП. (ibid., 1912, 86, No. 22). 

With В. Г. Alimchandadni—Derivatives of gallo acid. 
Part П. (and the eresotie acids) and chloral. (J. Chem. Soc., 1921, 
119, 20). 

The reduction of the group —CH(OH) CCl,. Part I. (J. Indian 
Chem. Soc., 1925, 9, 1). 

Substances related to cochenillic and earminio acids. Part П. 
Synthesis of a- coecinic acid (m- oxyuvitia acid). (ibid., 1929, 6, 258). 

With М. W. Hirve—Derivatives of salicylic acid. Part II. 
8-Nitro-5-sulpho- and 6-nitro-8-sulphosalicylic acids. (ibid., 1980, 7, 
887). 
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Derivatives of salicylic acid. Part I. (ibid., 1928, 8, 95). 

With M. М. Patel—The sodium and potassium phenolates. (ibid. , 
1928, B, 91). | . 

With M. В. Shah—A synthesis of 5-hydroxy-2-methoxybenzoic 
acid, (ibid., 1981, 8, 575). 

With B. M. Kapadia—Condensation of chloral with 2-hydroxy- 
p-toluic acid and its methyl ester. (ibid., 1982, 9, 488). Е 

With Miss В. N. Katrak—Condensation of butylchloral with 
gallic acid and three oresotio acids, (ibid., 1982, 9, 121). 

With A. H. Advani—The condensation of methyl and ethyl-o- 
toluidines with chloral hydrate. (ibid., 1988, 10, 107). 

With W. E. В. Turner—Molecular complexity of amides in 
various solvente. Parts І, IT, and ПТ. (J. Chem. Soc., 1908, 98, 
870, 1910, 97, 1605, 1805). | 

With W. А. Perkin (jun)—The reduction of 6-hydroxy-m-toluic 
acid. (J. Ohem. Soc., 1909, 98, 1889). 

‘The cis and trans modification of 1-methylcyclohexane-2-ol-4- 
carboxylic acid. (ibid., 1908, 98, 1416). — A 

With Franois В. Japp—Interaction of phenanthraquinone, aceto- 
phenone, and ammonia. (J. Chem. Вос, 1899, 77; 1082.) - 

Furfuran derivatives from benzoin and phenols. (ibid., 1899, 78, 
1085). : | 

Interaction of benzoin with phenylenediamines. (tbid., 1899, 78, 
1048). | donc A 

 Homologues of anhydracetonebenzil. (ibid., 1901, 79, 1024). 


^  4:N.M. 
8. M. M. 


The Concept of Critical Increment and Radiation 
. Hypothesis. 
By.W. V. BHAGWAT., 


It is well known that the variation of velocity constant of chemical 
‘reaction with temperature i is given by the relation 





dlogk E 
dT ЕТ? 


where Е is the so-called critical increment in energy which activates 
& molecule, 
The radiation hypothesis for explaining this equation proceeds 
from the Planck equation, - 
Probability of no emission by oscillator _ 4 (etry 


Probability of emission by oscillator 


and assumes that this expression also gives the ratio 


No. of active molecules . 
No. of inactive molecules 


No. of active molecules „уыт _,—Nh-/RT 

че Total No. of molecules Е i 
if E is identified with Nhv. 

The term E, represents critical increment, before a molecule 
becomes active, It is possible to conceive that a molecule retains its 
- absorbed energy, but the energy is not sufficient to bring it to critical 
atate. In this case we cannot identify the active state with the state 
of energy retention. Secondly, a molecule may lose its energy that 
has been absorbed, and still possess an energy greater than the criti- 
cal, In this case again we fail to identify the two states of energy 
emission and inactive condition. It will be clear, therefore, that the 
above assumption introduced in deducing H=Nhy is doubtful, Really 
the equation `> | 

d log b _ Nhv 
dt ` RT? 
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does not represent the variation of the velocity constant with tem- 
perature, and k, is not really the velocity constant of the chemical 
reaction, but represents the variation in the number of molecules 
which are capable of retaining the absorbed energy of the frequency 
v, with temperature. It follows, therefore, that this kis nob neces- 
sarily identical with the k of Marcelin and Rice’s equation which 
corresponds to velocity constant of the reaction and hence we are not 
justified in putting R= Nhv, 

Consequences of our failure in identifying the active and énergy re- 
tention state are obvious. Since E-ENhv 

(1) The v, во calculated on the basis of identity between two 
states need not be absorbed by the reacting system. 

(2) The radiation may be absorbed.but it fails to accelerate the 
reaction, since the process of energy -retention need not necessarily 
Increase the energy to critical state. = | 

These conclusions are in accordance with the experimental obser- 
vations.. We find that the Radiation hypothesis failsin two ways: | 
= (i) The calculated wave-length fom E -Nhv' is not absorbed by 
the reacting system. 

(п) The abserbed wave-length fails to accelerate the reaction. 

These two ways of failure are identical according to my óonolusion. 
It is clear, therefore, that this deviation is mainly due to the reason 
mentioned above. р | | 

Thus according to Daniels and Johnston (J. Amer. Chem. боо,, 
1921, 48, 58) there is no acceleration of the reaction for nitrogen 
pentoxide by the radiation of wave-length 11600 А. which is obtained 
from temperature coefficient. Similar results were obtained by 
Daniels (ibid., 1927, 49, 617) in case of NaO, ; by Urey and Tolman 
(ibid, 1929, 81, 974) for the velocity of recemisation of d-pinene in 
liquid state ; Бу Fromageot. (Bull, Soc, chim., 1927, iv, 44, 1585) 
in the reduction of ceric salts by acetaldehyde and by Hibben (Proc, ` 
Nat. Acad. Sci., 1927, 18, 626 ; J, Amer. Ohem Soc., 1928, 80, 987, 
940) for the decomposition of nitrous oxide when exposed to infra-red 
radiations. All these deviations, therefore, oan be explained from 
view point of the present author. 

However, when there is identity between active state and the 
state of energy retention for a molecule, then Е = МВу and hence 
the value of v calculated from temperature coefficient should 
be absorbed by the reacting system and should accelerate the 
reaction, The experiments which confirm the radiation hypothesis 
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can be explained in this way. The observations of Lewis and Taylor 
(J. Chem. Soc., 1922, 191, 665) in case of decomposition of triethyl 
sulphonium bromide in various solvents, of Moran and Lewis (J. Amer. 
Ohem. Soc., 1922, 44, 2286), for cane sugar inversion which support 
the radiation hypothesis, are characteristic reactions in which the 
active state and energy retention state are identical. 

The author's conclusions are also interesting in the sense, that it 
gives a physical significance to the important modification of radiation 
hypothesis, by Dhar (‘'Chemical action of Light,” 1981, р. 884; Gopal 
Rao and Dhar, J, Phys. Chem., 1982, 86, 646) that the frequency v 
calculated from the temperature coefficient should be regarded ns 
‘threshold frequency’; that is the minimum frequency that can 
accelerate the reaction. Dhar gives no sound justification for this state- 
ment. It may now be pointed out that the identity between active 
state and the energy retention state of Planck, is a limiting case by 
itself, or in the limit E —Nhv and hence the frequency v, во obtained 
denotes the threshold frequency which can start the chemical change, 
provided the two states are identified. Thus Dhar's view follows as & 
necessary consequence, 

My best thanks вте due to Prof. ЇЧ. R. Dhar for his kind interest 
in this paper. 


L] 
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A Note on the Benzoin-Benzil Change. 
By К. MaApHUSUDANAN PANDALAI. 


It is well known that benzoin usually gives (t) benzoin anilide 
РЬ'СН-(ХНРЬ):СО'РЬ when heated with aniline, (i) benzoin-anile 
anilide Ph: CH: (NHPh):C'(NPh) Ph when heated with aniline hydro- 
chloride at 160°, and (iti) diphenylindole when heated with aniline and 
zine chloride (Ber., 1898, 26, 1886, 2640) or when heated with aniline 
and aniline hydrochloride with a fractionating column (Fennel and 
Plant, J. Chem, Soc., 1982, 2872; Japp and Murray, ibid., 1894, 66, 889). 

In an attempt to prepare some 2:8-diphenylindole by the method 
of Fennel and Plant (loc. cit.) ib has been found that the product 
obtained is contaminated by small quantities of a crystalline 
substance identified to be benzil. The clue obtained hereof obtaining 
this diketone from the reaction mixture has been worked out and it 
has been found that by modifying Fennel and Plants’ method 
by dispensing with the use of a fractionating column, benzoin gives 
with aniline hydrochloride & mixture of benzil with small quantities 
of diphenyl. 


The mechanism of oxidation of benzoin to benzil here seems to 
proceed according to the following scheme and the fact that all the 
products formed have been identified favours this explanation. 


Ph:CO Ph'C(OH) gnu ph Св6 Н, РЬ’СО 
— i —— + | +NH,Cl+NH, 

Ph'CHOH Ph'C(OH) На gH, Ph'CO 

(Hydrobenzoin 

or tsobenzoin) 


The presence of ísobenzoin is proved by the fact that benzoin 
reduces acid chlorides according to the following equation (ef. 
Klinger, Ber., 1890, 24, 1268; 1898, 81, 1217). 


4 ROC] + 4H—-RCOH. 
-2ROC0I—2R'CO'CO'R 


— ^ 
s ra 
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It should be admitted that aniline and aniline hydrochloride mix- 
ture has no oxidising action on secondary alcoholic groups, as the effects 
observed with benzoin could not be duplicated so as to get similar 
o-diketones from corresponding alcohols, cuminil from cuminoin, 
anisil from anisoin, furil from furoin and piperil from piperoin could 
not be obtained. It, therefore, seems compatible to attribute this 
apparent anomalous action of benzoin to (i) its highly tautomeric 
nature, (ii) its selective reactivity to reagents, and (iii) its peculiar 
susceptibility to variations in experimental conditions. 


EXPERIMENTAL. 


 Benzoin (16 g.) aniline (24 g.) and aniline hydrochloride (24 g.) 
were refluxed on a water-bath for 14 to 2 hours. Ice-cold dilute 
hydrochloric acid was added to the yellow liquid, when a syrupy 
yellowish mass separated. This was filtered, washed several times 
with dilute hydrochloric &eid and dried. On extracting this with 
hot alcohol repeatedly (charcoal) a dark brown oil separated and fine 
needles erystallised from the supernatant liquid. The. supernatant 
liquid was decanted and again treated with animal charcoal, when 
benzil was obtained as bright yellowish needles, m.p. 95°, yield 
12 в. The osazone is obtained as yellow orystals, m.p. 215°; the | 
semicarbasone, m.p. 175° (benzil monosemicarbazone, m.p. 175°). 
. That the two keto groups are adjacent in this product was proved 
by the fact that it was capable of condensing with o-phenylene- 
diamine to give.a quinoxaline derivative (Mosettig and Kamp, d. 
Amer. Chem. Soc., 1082, 8%, 8882). 

The mother liquor was now made alkaline by sodium hydroxide 
solution, the separated aniline removed and the solution steam 
distilled, when a white crystalline substance was obtained in the 
distillate. This was crystallised from alcohol, m.p. 71°, yield 8 g. 
Tt was identified to be diphenyl.(dibromo derivative, m.p. 164°, 
dinitro derivative, m.p. 288°). 

On keeping the brown oil mentioned above for a week, a turther 
quantity (1 с.) of diphenyl formed on the surface of it. The oily 
mass could not be identified. It is soluble in hot organic solvents, 
e.g., ether, alcohol, benzene, etc. The steam distilled solution on 
qualitative examination revealed the presence of the chlorides of 
sodium and ammonium, 
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^ Rx Behaviour of Cobaltous Oxide on Heating. 


Вх Mara Prasan, 8. M. МЕНТА AND T. S. BURATEAR. 


 Hedvall (Z. anorg. Chem., 1922, 121, 217) has found that the 
‘physical and chemical properties of ferric oxide undergo в change 
when the oxide is prepared at different temperatures. Prasad and 
Tendulkar (J. Chem. Soc., 1981, 1408) have also found that the 
physical and chemical properties of nickelous oxide change remark- 
ably, when the temperature at which the oxide is prepared is raised. 
These authors have pointed out the importance of these results in the 
separation of nickel from the nickel-copper matte by the action of 
dilute sulphuric acid. This paper contains the results of a similar 
investigation on the properties of cobaltous oxide. 


EXPERIMENTAL, 


~ 


Kahlbaum’s extra pure cobalt carbonate, free from iron and 
nickel, was heated for 2 hours in a silica boat under vacuum to 
different temperatures in an electric furnace and cooled very slowly. 
The samples of the cobalt oxide obtained at different temperatures 
were analysed for cobalt by the electrolytic method. The results 
obtained are given below. 


TABLE I. 
Temp. .. — 500* 600* 700° 800* 900* 
Cobalt (3$) — ... 17679 77-55 77°98 7817 78-47 


It appears that cobalt carbonate should be heated up to 900? before 
a pure sample of cobaltous oxide is formed (%Со in CoO is 78:66). 

These samples of oxide, like nickelous oxide, contained some 
active oxygen which was estimated iodometrically. The amount of 
active oxygen was found to decrease as the temperature’ of prepara- 
tion of the oxide was raised. On applying a correction for this 
amount of oxygen in the oxide obtained at different temperatures it 
was found that the oxides obtained at. low temperatures ae not 
conform to the theoretical composition. A MN 


- 
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Like nickelous oxide prepared at low temperature (Prasad and 
Tendulkar, loc. cit.) the samples, obtained at low temperatures, 
yellow in colour became black when exposed to air. But unlike 
nickelous oxide, the black colour of the cobalt oxide was not found 
to disappear when it was treated in an acidified solution of potassium 
iodide or heated to 500° in vacuum. It ів probable thatin this case 
either some different oxide is formed or the attachment of the 
adsorbed oxygen on the surface of the part‘cles is firm. The low 
percentage of cobalt obtained in the oxide prepared at low tempera- 
tures may thus be mainly due to fi) the adsorption of oxygen by the 
oxide when exposed to air, and (it) the occlusion of gases evolved 
during the decomposition of the carbonate (cf, Richards and Rogers, 
J, Amer. Chem. Soc., 1898, 18, 507). 


Physical and Ohemical Properties of Cobaltous Oxide, 


Density.—The oxides prepared at higher temperatures settled in 
water more quickly than those prepared at lower ones. The experi- 
mentally determined densities of the oxides by means of a pykno- 
meter af 28° are given below. 


TABLE II. 
Temp. (t) xs 500* 600° 700* 800° 900° 
4'8 5°28 6:6 5°79 616 


di 

On plotting d against t, 16 is found that the curve is represented 
by d20'8477 (9428, 

Solubility in sulphuric acid. —The solubility of cobaltous oxide was 
measured in 0'1 N-sulphuric acid. 


TABLE IIT. 
Temp. eee 500° 500° 700° 800° 900° 
CoO dissolved (95) ... 98:85 92°75 88:90 74'65 6510 


Tt will be seen that the fall in the solubility of the oxide is very 
rapid as the temperature of preparation is raised from 600° to 900°. 

Catalytic decomposition of hydrogen perozide.—The catalytic effect 
of cobaltous oxide (cf. Nickelous oxide, Prasad and Tendulkar, loc. 
cit.) in the decomposition of hydrogen peroxide was measured in 
‚ а neutral and an alkaline solution at 80°. The oxide (0°02 в.) was 
added to 925 о.о. of hydrogen peroxide solution (prepared by tenfold 
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dilution of Merck's pure 10 volume product) and the rate of decom- 
position was followed by titrating 2 с.о. of the reaction mixture 
ab definite intervals against N/100-KMnO, solution. 


TABLE IV. 
Decomposition of Н.О, in a neutral solution 


-H 303 in terms of N/100-KM nO, decomposed by oxide prepared at 


Time, 500° 600° 700° 800° 900° 

10 тїп. 10'0 о.о. 8'0 c.c. 1°20 e.c. 0°50 с.е, 0°20 в.в. 

20 /^— 356 5-0 3:10 0-70 = 

80 19-5 7°0 8'10 0°90 0°60 

40 28*0 9*0 4'08 1°15 — 

50 . — 11'0 4°96 1°60 1°00 

60 97-5 150 6% 2:00 T 

70 29-0 14'0 . тю 2°60 1°20 

80 80°0 15°5 - = - = 
Average value of K 0°0828 0'0086 0°0085 0'0011 0°00067 
(Unimolecular constant) 

TABLE, V. 


Decomposition of Н.О, in an alkaline solution. 
1:0 С.о. of 0-01№-М№аОН, added to 26 с.о, of H0; solution. 


H303 in terms of N/100-K MnO, Ва by oxide prepared at 


Time, 600* 700* 800° 900° 

10 mín. T5 o.c. 8°20 o.c. 2°00 c.c. | 12 с.о. 
20 106 4'50 2°50 = 

80 18'0 5°86 — 1:8 

40 lb 6°40 8°60 =н 

5C 18-0 7'80 — 2*8 

60 7 20-0 8 80 4°40 52 

70 91:5 9°45 ae 9-7 

80 99:5 = Te — 
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The unimolecular constant К was not found to be constant in 
this case. On plotting = against t the curve is represented by 


z=atf in which the value of 8 is nearly constant in all the four 
reactions and the value of a is different for different reactions. 

Electrical resistance.—The electrical resistance was measured by 
Ryschkewitsch’s method (2. Elektrochem., 1926, 82, 588) and the 
specific resistance S was calculated in the manner described by 
Prasad and Tendulkar (loc. ctt.). 


TABLE VI. | ‘ 


i eo 500° 600° 700° 800° 900° 
2 9 г 3170 6200 - 7800 9250 9880 


^*^ Tt will be seen from the foregoing that the physical and chemical 
properties of the cobalt oxide change immensely when the tempera- 
ture of preparation of the oxide is changed. The. density and the 
electrical resistance of the oxide increase and the solubility in 
sulphuric acid and the catalytic decomposition of hydrogen peroxide 
decrease as the temperature. of preparation of the oxide is raised. 
This increase or decrease is by no means proportional to the change 
in temperature; only the electrical resistance increases linearly with 
temperature but this linear relationship no longer holds as the tempe- 
rature is raised from 800?— 900^. 

The action of solid substances in a heterogeneous reaction depends 
upon the size of the particles of the substance. In the present саве, 
although very great care was not taken to use particles of exactly 
the same size in each experiment, yet the results show a remarkable 
change in the action of the oxide as the temperature of preparation 
is altered. ' 

The various causes which are responsible for inducing the 
inactivity in the oxides as the temperature of the preparation is raised 
have been discussed by Prasad and Tendulkar (loo. cit). Attempts 
are now being made in this laboratory to account for this induced 
inactivity. 
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Complex Compounds of Iridium. Part III. 
Compounds with Ammonia and Ethylamine. 


By PRAFULLA OHANDRA ВАх AND NADIABEHARI ADHIKARI, 


By the action of pyridine on 101,785 В-(018) two compounds 
IrOl,'2Et,8'Py and IrCl,*Ht,S:2Py have been obtained; the 
remaining diethyl sulphide molecule could not be replaced by pyridine 
even when the reactants were heated in a sealed tube for 10 hours 
at 140°-60° (J. Indian Chem. Koc., 1988, 10, 276). Prolonged 
heating even at much higher temperature (180°) did not yield 
better results. The substitution of ethylamine, however, in place 
of pyridine gives rise to three compounds, viz., (I) (IrCl,- 
BHtNH,), (II) (IrClg'4EtNH,g)Ol and (IIT) (КО! бе МНС, 
none of which contains diethyl suphide although this reaction has 
been carried out at 180°-185° for 8 hours only. If IrCl,- 
ЗЕ о in benzene be refluxed with alcoholic ethylamine for 80 hours, 
& very minute quantity of a greenish yellow substance (m.p. 810° 
decomp.) soluble in water, is obtained and the rest becomes tarry. 
When ammonia is passed in the benzene or acetone solution no 
replacement of the sulphide molecule takes place but at 54° on 
prolonged action, в minute quantity of а substance, insoluble 
in benzene, unlike the parent body but containing nitrogen, is 
obtained. In а sealed tube at 140°-145°, two compounds (IV) 
(IrCl,"Ht,8.2NH,) and (V) (IrOl'5NHg)Cl, have been isolated. 
Palmaer, (Z. anorg. Chem., 1895, 10, 320; 1897, 13, 211) obtained 
compound (V) from iridium trichloride hydrate and ammonia 
with much difficulty as it is not во easy to have the pure 
compound free from traces of amonium chloride which invariably 
forms a part in Palmaer’s method; Ata still higher temperature, 
the yield of the compound (V) increases with the corresponding 
decrease of (IV) and а mixture is obtained which is soluble in cold 
water and contains iridium and chlorine almost in the invariable 
ratio of 1:8 and nitrogen. In both the cases there remains light yellow 
filtrate forming а glass like mass in vacuum, very hygroscopic 
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and containing sulphur and nitrogen. The complete or partial re- 
placement of diethyl sulphide by ethylamine, ammonia, and pyridine, 
therefore, appears to depend more upon the strength of the bases 
concerned than on the temperature of the reaction. 

The compounds (I—III) are stable, Werner complexes, (II) and 
(III) giving precipitates with an aqueous silver nitrate. The mole- 
cular condustivity of (ITI) at infinite dilution is 226 which is slightly 
lower than that of a ternary electrolyte. This may be due toa 
decreased mobility of the radicle (IrCl'6Et NH3). 

The compounds (IV) and (V) are less stable than the others 
in aqueous solution, -both -of them give precipitates with aqueous 
silver nitrate although all the chlorine atoms are supposed to be 
within the co-ordination group in (IV), e.g. 


Btg8\, ИС 
ЕВ МО! 


Its solution in water is not acidic, which precludes the possibility 
of the replacement of chlorine atoms by OH groups and consequent 
formation of HOl. The only possibility, therefore, is the forma- 
tion of an aqueo compound which is very common in the ammino 
compounds of iridium. Moreover, the molecular conductivity of 
(V) indicates that all the three chlorine atoms ionise in solution 
to produce (Ir'S5NH;, H30) Ol, (of. Lamb and FairhallJ. Amer. 
Chem. Koc., 19928, 45, 878). 

Like most of the iridium ammines compounds (II) and (III), 
when treated with freshly prepared moist silver oxide, yield strongly 
basic solutions of light yellow colour. These compounds are strongly 
alkaline to litmus, liberate ammonia from ammonium salts when 
gently heated, and absorb carbon dioxide when exposed to the 
atmosphere; but on standing. over silver oxide for 20 hours slowly 
they turn blue., On acidification of this blue solution, a dark blue 
precipitate, which may be iridium oxide or hydroxide, is obtained. 
Tridium chloropentammine chloride yields a stronger and more 
stable base (Dixon, J. Ohem. Soc., 1984, 84). The compound (IV) 
too, on similar treatment yields a strong base and it is more 
stable than those derived from compounds (II) and (ПТ) as it does 
not decompose on standing. It partially precipitates silver hydroxide 
from aqueous silver nitrate and liberates ammonia from ammonium 
chloride when gently warmed. 


——— 
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The isolation of different salts of these bases will form the subject 
of our next communication. 


\ KRIMENTAL. 


Preparation of 1rCl,S8EtNH,;,  IrCl,4EtNHg and  IrClg 
5HtNH,.—IrCl, BEt,8(2°8 g.) and  ethylamine (6 c.c. of 50% 
alcoholic solution) were heated in.& sealed tube for 8 hours at 
140°-145°. The whole mass solidified on cooling and to this alcohol 
was added (A). The insoluble solid was separated, and was then 
extracted thrice with boiling water, first time the extraction being 
continued for 8 hours and 1 hour each for the successive ones. 
The insoluble substance was then washed with alcohol and ether, 
m.p. 220° (decomp.), light yellow substance. (Found: М, 0°61 ; 
C1,24:44; Ir, 44°17. IrCl,8C4H,NH,g requires №, 9°66; Cl, 24°4; 
Ir, 44'8 per cent). The aqueous solution was evaporated to dryness 
оп а water-bath and was thrice recrystallised from hot water. It is 
sparingly soluble in cold water but readily so when warm, light 
yellow cubical plates, m.p. 281°-82° (decomp.). (Found: N, 11°56 ; 
012186; Ir, 40°06. IrCl,"4CgH,NH, requires N, 11:66; 
Cl22:1; Ir, 40°22 per cent) To the alcoholic mother liquor (А) 
ether was added with the separation of an oily substance. This 
oily substance was dissolved in acetone when a white substance 
was left behind. This substance was crystallised from water. 
It gradually decomposes without definite melting point when heated. 
The acetone solution on spontaneous evaporation yielded the same 
substance when it was left for 7 days butan oily substance still 
remained unorytallised. It is soluble in cold water and when 
crystallised, it is of very light yellow colour. (Found: М, 12:85; 
Cl, 20°14; Ir, 86°87. IrCl,*6CgH;NHo requires № 18°2; C1,20:85; 
Ir, 86°76 per cent). 

The molar codustivity of IrClg;5Et NH. at different concentra. 
tions in water at 29°, 


Molar cone. .. 0°001719 0'0008595 00004298 
Molar conductivity ... 210°4 216`9 226-6 


Preparation of IrCls"Et,8'2NH, апа IrClj' 6NHg.—IrCl5'8Et48 
(2:5 в.) and liquor ammonia (18 o.c. Merck) in a sealed tube 
were heated for 6 hours at 135°-145°. When cold a white crystal- 
line substance separated out anda yellow solution with a layer of 
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diethyl sulphide floating over № was obtained. The sulphide 
was extracted with ether; the main solution when concentrated 
over sulphuric acid yielded a light yellow crystallinc substance. 
It is very soluble in water and does not melt when heated but 
gradually decomposes. It was crystallised twice from a mixture 
of acetone and water. It precipitates silver chloride from silver 
nitrate solution. (Found: . N, 6:58; Cl,25°0; В, 7°64 ; Ir, 45:0. 
IrCl,'E5$5,8'2NHg requires N, 6'6; Cl, 25°1; 8, 756; Ir 45°67 per 
cent). The filtrate from the above could not be crystallised. It is 
hygroscopic and contains NH, and Cl. 

The insoluble white substance referred to above was thrice 
crystallised from boiling water. (Found: М, 18:4; Cl,27°75; Ir, 50:0. 
ICi NH, requires М, 18:2; Cl,27°69; Ir, 50°18 per cent.). 
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: Azotriphenylmethane and Azopyronine Dyes. 
(Ortho Series). 


By Rasenpra МАТН SEN AND Sacuinpra МАТН Roy. 


The attempted coupling of m-hydroxybenzaldehyde and diazotised 
aniline has hitherto been unsuccessful, nitrogen being evolved during 
the process of coupling and no colouring matter being produced 
(Ber., 1901, 84, 2004). The evolution of nitrogen, however, can be 
minimised by cooling the diazotised aniline and m-hydroxybenzal- 
dehyde solutions to —6° to —8° and by using sodium carbonate in 
place of caustic soda, sodium acetate being also added with 
advantage. With this modification about 10-12% of the theoretical 
yield of benzene-azo-m-hydroxybenzaldehyde has been obtained. 


The evolution of nitrogen also takes place with increased vigour 
during the coupling of diazotised  naphthylamines, toluidines, 


benzidine, etc., with m-hydroxybenzaldehyde. It is, however, very 
interesting to note that when a negative group such as NOs, Br, 
80,H or COOH group is present in the diazotised amines, the 
coupling with an alkaline solution of m-hydroxybenzaldehyde takes 
place smoothly with no evolution of nitrogen. Incidentally it may 
also be pointed out that diazotised amines do not react with 
m-aminobenzaldehyde in acid or alcoholic solutions, the presence of 
a negative group in the amine seems to have no effect on the coupl- 
ing in this case. 

Regarding the properties of the various o-azoaldehydes it has been 
observed that the presence of & negative group makes the azoaldehyde 
much more soluble in alkali than the azoaldehyde itself, while in 
organic solvents the solubility decreases. 

The alkaline solution of the nitroazoaldehydes are intense red 
and possibly a change in the constitution takes place in solution (ef. 
Grandmougin and Guisan, Rev. Gen. Mat. Col., 1908, 12, 129). 


HO 
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The nitroazoaldehydes also give deep shades on silk and wool 
unlike the azoaldehydes themselves or their bromo, sulphonie acid 
or carboxylic acid derivatives which dye silk and wool only in light 
yellow to brown shades. 

These o-azoaldehydes have afforded an opportunity of study- 
ing the azotriphenylmethane and azopyronine dyes containing azo 
and the triphenylearbinol chromophores in ortho-positions to each 
other and‘also of comparing the effect of the two chromophores in the 
ortho-positions with their effect when occurring in the para-positions 
(Green and Sen, J. Chem. Soc., 1912, 101, 1118; Sen and Sett, J. 
Amer. Chem. Soc., 1024, 48, 111; Dutt, J. Chem. Soc., 1926, 129, 
1171) and in the meta positions (Sen and Ghosh, J. Indian Chem. 
Soc., 1928, B, 487; Dutt, loc. cit.). 

The o-azoaldehydes, used in the preparation of the required 
azotriphenylmethane and azopyronine dyes, have been obtained by 
coupling m-hydroxybenzaldehyde with diazotised (а) aniline 
(b) naphthylamine, (c) p-toluidine and (d, e, f) three o-, m-, and p- 
nitroanilines. These o-azoaldehydes (a, b, c, d, 6, f) have yielded 
(А) azotriphenylmethane dyes by their condensation with (i) dime- 
thylaniline and (1) o-cresotinic acid; and (B) azopyronine dyes by 
their condensí^Cion with (i) resorcin and (fi) pyrogallol. (The 
condensation with diethyl-m-aminophenol was made only with 
benzene-azo-m-hydroxy benzaldehyde. 

From a study of the various azotriphenylearbinol and azopyro- 
nine dyes prepared, it has been observed that the introduction of an 
azo group in the ortho-position to the central carbon atom in tri- 
phenylearbinol or pyronine dye, is generally attended with an increase 
_in the depth of colour, much less than in the case of para-compounds 
and almost similar to that of meta-compounds. 

The influence of nitro groups on the triphenylearbinol or pyronine 
dyes is not so marked, though there is a slight alteration in the 
shade. Thus in the case of o-cresotinic acid condensation products, 
the presence of a nitro group tends to intensify the shade produced by 
the carbinol on silk or wool while in case of resorcinol and pyrogallol 
condensation products the presence of nitro gróup seems to produce a 
lighter shade on silk. 

A great difference between the azotriphenylmethane dyes of the 
para and ortho series is that the yellow shade on wool produced by 
the leuco o-eresotinie acid compound of the para series changes from 
yellow through maroon to dark-green and black by after-chroming 
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and the carbinols are remarkably polygenetio (Green and Sen, loc. 
cit), but the yellow shade produced by the corresponding leuco 
compound in ortho series -changed only to dirty brown on similar 
treatment and the carbinols are only feebly polygenetio; and in these 
respects they are more akin to the corresponding ЗВ of the 
meta series (Sen and Ghosh, -loc. cit.). 

The condensation product of benzene-azo-m-hydroxybenzaldehyde 
and diethyl-m-aminophenol produces a deep pink shade on silk and 
wool unlike the corresponding compound of the meta series, which 
dyes silk and wool violet (Sen and Ghosh, loo, cit.). 


et 


EXPERIMENTAL, 


Benzene-azo-m-hydroxybenzaldehyde (a).—A solution of diazotised 
aniline (10 g.) was slowly added to an alkaline solution (containing 
‘Na,CO, together with a little NaOH) of m-hydroxybenzaldehyde 
(18 р.) both.cooled to —5? to —8? and the solution well stirred. The 
solution frothed and swelled up. The precipitated colouring matter 
was filtered, washed and dried. It was purified from tarry impuri- 
ties by dissolving in warm glacial acetic acid and reprecipitating 
by dilution with water. It is obtained as‘ a light brown powder from 
dilute alcohol and produces light brown shade on wool and silk. 
It is soluble in aleohol, benzene, chloroform, acetic acid, ether; m.p. 
127°, yield 10-12%. (Found: М, 11°72. C,3Hy9OgNg requires 
N, 12°88 per cent). 

The semicarbasone is yellow in colour, m.p. 260°. (Found: М, 
25°37. С,.Н,,0.№ requires N, 24°78 per cent). 

Naphthalene-l-azo-m-hydroxybenzaldehyde (b).—A solution of diazo- 
tised a-naphthylamine (10 д.) was slowly added to an alkaline solu- 
tion (Na,CO;) of m-hydroxybenzaldehyde (8'5 д.) both cooled below 
-5°; The precipitated azo compound was filtered, washed and dried. 
‚1% was then dissolved in glacial acetic acid and reprecipitated with 
- acidulated water. It was collected, washed and dried and obtained 
‚вв а chocolate powder from dilute alcohol, It is soluble in benzene, 
alcohol, chloroform and glacial acetic acid and produces light pink 
shade on wool and silk, m.p. 167-68°, yield 12-15%. (Found: 
М, 9°92. С.Н, ОМ» requires М, 10°14 per cent). 

The semicarbasone is brown, m.p. 251°. (Found: N, 21°86. 
C44H4504N, requires N, 21°02 per cent). 

p-Toluene-azo-m-hydroxybensaldehyde (c), was prepared by coupl- 
ing diazotised p-toluidine with m-hydroxyhenzaldehyde. 16 is 


9 
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obtained from dilute alcohol as в brown powder, m.p. 180°. Ibis 
soluble in alcohol, chloroform, glacial acetic acid and produces yellow 
shade on silk and wool, yield 15%. (Found: М, 11°09. C,,H450$4N,s 
requires N, 11:07 per cent). 

The semicarbasone is brownish yellow, m.p. 251?. (Found: N, 
28'04, О,5Н 50,№, requires М, 23°67 per cent). 

The prepsrations of the three compounds, o-Nitrobenzene-azo- 
m-hydrozybenzaldchyde (4), m-Nitrobengene-aso-m-hydrozybenzal- 
dehyde (в) and p-Nitrobensene-aso-m-hydrozybensaldehyde (f) are 
exactly similar. 

А diazotised solution of p-nitroaniline (10 g.) was poured into an 
alkaline (NaOH) solution of m-hydroxybenzaldehyde (9 g.) cooled to 
0°. А deep red solution was obtained and no frothing took place. 
The azo compound remained in solution as the Na-salb which was 
obtained on evaporating з portion on а water-bath. The free azo- 
compound was precipitated on acidifying the solution with dilute 
acetic acid. It was filtered, washed and dried and finally purified 
from dilute alcohol. It is goluble in benzene, alcohol, glacial acetic 
acid and chloroform. The p-nitro compound orystallises in bright 
yellow needles, m.p. 175°. ~ It produces golden yellow shade on silk 
and wool, (Found: N, 15°95. O01,,;H,0,N3 requires М, 15°52 per 
cent). The semicarbazone is a yellow solid and crystallises in 
needles, m:p. 246°. (Found: N, 26°49. ©,,H,,0,Ng¢ requires М, 
25°61 per cent). | 

The o-nitro compound crystallises in orange needles, m.p. 150-51°. 
It produces orange shade on silk and wool. (Found: М, 16 65. 
C,4Hg40,N, requires №, 15°52 per cent). The semicarbasone is в 
yellowish orange solid and crystallises in needles, m.p. 260°. 
(Found: N, 95-58. C(4H.,404N, requires N, 25°61 per cent). 

The m-nitro compound crystallises in brownish red needles, m.p. 
180°. It produces yellowish orange shade on silk and wool. (Found: 
N, 1519. OC,4Hg0,Ng requires N, 16°52 per cent). The semi- 
carbagone is obtained as light yellow needles, m.p. 248°. (Found: 
N,20:07. C,,H,50,N, requires №, 25°61 per cent). 

p-Bromobensens-ago-m-hydrozybenaaldehyde (g), o-Carbozybensene- 
ago-m-hydrozybensaldehyde (h) and p-Sulphonic acid bensene-azo-m- 
hydrozybensaldehyde ().—А diazotised solution of  p-bromoaniline 
(6g.) or anthranilic acid (4'6 g.) or sulphanilio acid (6:5 g.) was slowly 
added to an alkaline (NaOH) solution of m-hydroxybenzaldehyde 
(4:2 g.) to prepare the compounds (g), (h) and (f) respectively. The 
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azo compounds which remained in solution were precipitated by 
acidifying the solution with dilute acetic’ acid in cases of (g) 
and (А). The compounds were purified in the same way вв 
p-nitrobenzene-azo-m-hydroxybenwaldehyde (f) and purified from 
dilute alcohol. In case of (i) the compound separated on exactly 
neutralising the alkaline solution with dilute hydrochloric acid 
and concentrating on a water-bath. The compound (g) is a yellowish 
brown powder, m..p. 180°, producing yellow shade on silk and wool. 
The compound (h) is в reddish brown powder, m. р. 162°, producing 
yellow shade on silk and wool. As these three compounds. were 
difficult to purify they could not be analysed. : 207 


Triphenylmethane Dyes. 7 


Condensation of the asoaldehydes {a—f) with dimethylaniline 
(1—8).—The. aldehyde (1 mol) was mixed. with dimethylaniline 
(2 mol.) and a small quantity of concentrated HCl, just insuff- 
cient to neutralise the dimethylaniline and the solution was 
heated for 12 to, 18 hours at 100-115°. The solution was then 
made strongly alkeline -with caustic soda and was. distilled in 
steam to remove any excess of dimethylaniline. The precipitated 
leuco compound was then washed by decantation, dried and purified 
from a mixture of chloroform and petroleum ether (1:1). I$ is 
sparingly soluble in ether and benzene but highly soluble in 
chloroform. И 

The leuco compound is oxidised to the carbinol stage by adding 
calculated amount of lead peroxide to a solution of the former in а 
mixture of hydrochloric and acetic acid in the cold. 

Condensation of the asoaldehydes (a—f) with o-cresotinio acid 
(7—12).—The azoaldehyde (1 mol.) was intimately mixed with 
о-отөвобіпіс acid (2 mol.) and the mixture was made pasty 
with concentrated sulphuric acid (d 1:84), kept for 24 hours 
and then treated with ice-cold water. -The product was dissolved 
in caustic soda solution, filtered, reprecipitated with dilute hydro- 
ehlorie acid and filtered again. The finely powdered dry product was 
purified by repeated washing with hot benzene. 16 is obtained as a 
yellowish brown powder from dilute alcohol. 

The carbinol compound was obtained by condensing the aldehyde 
with o-cresotinic acid in the cold in presence of concentrated sulphuric 
acid as above and then adding requisite amount of nitrosyl sulphate 
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to the mixture and then heating to 70-80° till the oxidation was 
complete. It was then isolated and purified exactly in the same way 
asin the case of the leuco compound and was finally washed with 
hot alcohol in which it is but sparingly soluble. The compounds 
are described in the Table I. 


Pyronine Dyes. 


Condensation of the azoaldehydes (a—f) with resorcinol (18—18).— 
The o-azoaldehyde(1 mol.) was intimately mixed with resorcinol 
(2 mol.) and a paste was made with sulphuric acid (d 1°84) 
and was heated at 120-180? for В to 10 hours, sulphuric aoid 
acting as the condensing as well as the oxidising agent (Sen 
and Sinha, J. Amer. Chem. Soc., 1928, 48, 2084). The mixture 
was cooled and treated with cold water. The product was dissolved 
jin caustic soda, filtered, reprecipitated with hydrochloric acid and 
again filtered and dried. It was then powdered and washed repeatedly 
with hot benzene and chloroform in which it is insoluble. 

Condensation of the azoaldehydes (a—f) with pyrogallol (19—94).— 
The method of preparation is similar to that followed in the case of 
condensation with resorcinol. The condensed products are in all 
cases insoluble in ordinary solvents. None melts below 800°. The 
compounds are described in the Table I. | 
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Condensation of СШога! and Bromal Hydrates with 
Amides. 


By (Late) ANDREW NORMAND MELDRUM AND GAJANAN WAMAN DEODHAR. 


- In extension of в study of the condensation of chloral with amides 
by Meldrum and Bhojraj (Proc. Indian Sctence Congress, 1926, 
p. 146) the authors have prepared a number of chloral and 
bromalamides and have examined their chemical properties. 

Chioralacetamide was prepared by Pinner (Ber., 1877, 10, 1968) 
by the action of ammonia on chloralacety] chloride and by Schiff and 
Tassinari (ibid., p. 168) from chloralammonia and acetyl chloride. 
` Jacobson (Annalen, 1871, 187; 245) prepared chloralacetamide and 
chloralbenzamide from chloral and respective amides, Тһе authors 
‘have prepared chloralamides and bromalamides by heating an equi- 
molecular mixture of chloral or bromal hydrate and amides till a solid 
was obtained. Dichloralmalonamide and dichloralsuecinamide were 
obtained by heating under reflux a mixture of the finely powdered 
amide with chloral. Dichloralmalonamide formed a paste which set 
to a glassy mass which on keeping in water for several days gave a 
solid. Bromalsalicylamide and bromal-o-methoxybenzamide also 
formed pastes solidifying on treatment with water. 

The anhydro derivatives of chloralamides were first obtgined by 
Moscheles (Ber., 1891, 24, 1808) by the action of acetic anhydride in 
cold sodium hydroxide solution. Moscheles (loc. сй.), Hantzsch 
(Ber., 1894, 27, 1248), Diels and Seib (Ber., 1909, 42, 4062) and Diels 
and Gukassianz (Вет., 1910, 48, 8814) gave the anhydro derivatives 
the constitution R'OO'N:OH-COl,. Feist (Вет., 1912, 48, 945) 
showed that the products have the constitution (R‘'CO'NH CH’CCl,),0. 
It has been found by the authors that one molecule of ehloralsalicy- 
lamide loses one molecule of water to form an anhydro derivative 
while other chloralamides and bromalamides lose water in the way 
that Feist observed, two molecules lose one molecule of water and 
form an anhydro derivative. 

Previous workers using acetyl chloride іп presence of sodium hy- 
droxide solution obtained the anhydro derivatives while the acetyl deri- 
vatives were obtained, if at all, as by-product. The authors prepared 
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the acetyl derivatives (1) by dissolving the chloral or bromalamides in 
pyridine and adding acetyl chloride, (it) by the action of acetic anhy- 
dride containing sulphuric acid.  Ohloralsslicylamide gave by both 
the methods the anhydro compound which absorbed bromine. 
It gave the acetyl derivative by keeping it with acetic anhydride and 
sulphuric acid for а few days. Diacetylchloralsalicylamide was ob- 
tained by heating chloralsalicylamide with acetic anhydride in presence 
of sulphuric acid. Bromal-o-methoxybenzamide gave with acetic 
anhydride in sodium hydroxide solution a mixture of the acetyl and 
the anhydro derivatives from which the components were separated 
by fractional crystallisation from ethyl acetate. 

The methyl ethers were obtained from the chloral or bromal- 
amides with dimethyl sulphate in presence of dilute sodium hydroxide 
solution (cf. Feist, loc. cit.). 

The reduction products were obtained by stirring the chloral and 
bromalamides with acetic acid and zinc dust. In the case of chloral- 
p-toluamide the reduction mixture was kept in hot water while in the 
case of bromalsalicylamide and bromal-o-methoxybenzamide the tem- 
perature was not allowed to rise above 87°. In the case of other 
bromalamides the reduction mixture was kept at 16°. The group 
CH(OH)'CClg is changed on reduction to CH:CCl, and the group 
CH(OH)'CBr, to CH:OBr, or CH:CHBr as shown by Yelburgi 
and Wheeler (J. Indian Chem. Soc., 1984, 11, 217). The compounds 
prepared are summarised in the following Tables, 
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Derivatives of Hydroxybenzoio Acids. 
By М. Hurry AND (ATE) А. N. MELDRUM, 


` Ohloralhas been condensed with certain aromatic acids, vis., 
m-hydroxybenzoic acid and its alkyl derivatives (Fritsch, Annalen, 
1897, 296, 844). Subsequently Meldrum and Alimchandani studied 
condensations with gallie acid (F. Chem. Soc., 1920, 117, 964) and 
eresotio acids (J Indian Chem. Soo., 1925, 2, 9). The condensation 
products in most of these cases were phthalides. - 

The present work deals with the condensation of chloral with o-, 
т-, and p- methoxybenzoic acids and p-hydroxybenzoic acid. It was 
undertaken with a view to study the properties of the condensation 
products and of ће CHOH'CCl, group. - | | 

‘One molecule of o-methoxybenzoie всій was condensed with опе 
molecule of chloral in presence of sulphuric acid to 2-methoxy.-b- 
aaa-brichloro-8-hydroxyethylbenzoie acid (I). 

Several unsuccessful attempts were -made to oxidise (I) toa ke- 
tonic acid by (i) Fenton’s reagent, (ii) dilute and concentrated nitric 
acid, and (ttt) alkaline potassium permanganate solution. With the 
first two reagents the substance was recovered unchanged, but with 
alkaline permanganate 4-methoxyisophthalic acid (m. p. 265°) was 
obtained, thus fixing the position of the chloral group. 

_ Attempts were made to hydrolyse the СНОН'ССІ; group using 
various strengths of sodium hydroxide, potassium hydroxide and 
barium hydroxide solutions, but the yields were poor. The period 
of heating on a water-bath was varied from 8: hours to 7 days and 
finally the mixture was heated at 110°, 120°, 180° and 140°; 
granular crystals were obtained, m. p. 268°, the melting point was 
lowered by admixture with 4-methoxyisophthalis acid. The equivalent 
agreed with the formula OMe'O,H,‘COOH'‘CHOH'COOH. — 

The compound (I) on reduction with zine and glacial acetic acid 
(cf. Meldrum and Alimchandani, J. Indian Chem. Вос., 1926, 8, 
9) gave 2-methoxy-5-as-dichloroethylbenzoic acid (П). 
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On fusion with sodium hydroxide (II) 
phenylacetaldehyde, while on]oxida tion : 
gave 4-methoxyisophthalic acid. 

The condensation products of m- hyd oxy-and m-methoxybenzoic 
acids and chloral were respectively B- hydroxy-and 6-methoxytri- 
chloromethylphthalides which| were red iced to 8-hydroxy- and 8- 


gave 4-methoxy-5-carboxy- 
ith fuming nitric acid it 


methoxy-6-aa-dichloroethylbenzoic acids.| The latter was further. 


reduced by sodium amalgam|to 8-methoxy-6-eathylbenzoie acid. 

The condensation product’ of pa ee acid and chloral 
was reduced to 8- -aaa-trichlorg- -B- оо acid 
which was reduced to 8-ae-dighloroethyl- ;-methorybenzoic acid. - 

. It is thus evident that an additional carboxyl group can be inserted 
in а certain aromatic acid by condensing that acid with chloral and 
then by oxidation. It is also kpossible to’ insert & шешне group 
by suitable reduction of СНОВ ОО!» group. 


| 
XPERIMBNTAL. 


"The three hydroxybenzoic ‘acids " methylated according to 
the method of Meldrum aud , Shah (J. Chem. Зос., 1928, 128, 1991; 
Graebe, Annalen, 1905, 349, 249). 

o-Methoxybenzoic acid «go | .), chloral (40 с.) and sulphuric acid 
(75 c.c.) were mixed and kept for 48 agn On dilution а resinous 
product was obtained which when crystallised from glacial acetic acid 
gave 2-methowy-5-aaa-trichlo ‘0-B-hydroxyethylbensoic acid (D. It 
crystallised in small needles, m. p. dri 15g. Itis soluble in 
alcohol, acetone, chloroform- and insoluble in ether and benzene. 
(Found: Cl, 85:5; Equiv., 8086. O0,,.H,@,Cl, requires Cl, 86:5 per 
cent. Equiv., 299°5). | : E 

The potassium salt was obtained as plates. (Found: K, 1950. 
C19H,0,01,K requires K, 11° ; per -— 

- The barium salt was obtained by adding barium acetate solution to 

a neutral solution of the ammonium saltjas small needles. (Found: 
Ba, 17:9; H30, 7'0. OgoH, gOfCl,Ba, HgO requires Ba, 17°4; Н.О, 
6'8 per cent). | 

The calcium salt was crystallised from hot water as granules. 
(Found: Ca, 5'2; Н.О, 14°6. СНОС Ов 6H,O requires Ca, 
54; Н,0, 14% per cent), | | ш 

The acetyl derivative was obtained as granular crystals, m. p. 
`148°. (Found: 01, 81'2 per cent. Equiv.) 8414). 
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The methyl ester was prepared Бу refluxing the acid (10 g.), 
methyl alcohol (85 р.) and dry hydrochloric acid gas (8 в.) on а water- 
bath for 5 hours. It was crystallised from methyl alcohol in plates, 
m. p. 145°. (Found: Cl, 88'6, C,,H,,03Cls requires Cl, 88'9 
per cent). 

The ethyl ester crystallised from ethyl alcohol in needles, m. p. 
157°. (Found: Ol, 82°2. C,,H,3;03Cl, requires Cl, 82°4 per cent). 


The amide.—Methyl ester (5 в.) ammonia (d 0°88, 120 o.c.) and 
absolute alcohol (50 o.c.) were shaken for 40 hours when the amide 
precipitated as a fine powder. It crystallised in tiny needles from 
alcohol, m. р. 241°. (Found: Ol, 85'3. Со Но МС. requires 
Cl, 85'7 per cent). 

 9.Methoxy-5-aaa-trichloro-B-chloroethylbengoic acid.—The acid(2 в.) 
was heated with thionyl chioride (1'5 р.) at 60° for 4 hours and the 
acid chloride thus obtained was hydrolysed and crystallised in needles 
from glacial acetic acid, m. р. 182°. (Found: Cl, 448; Equiv., 
817-9. О, Hg OS Cl, requires Cl, 44°6 per cent. Equiv., 317°9). 

The anilide was prepared by pouring the acid chloride mixture, 
obtained above, into aniline, The anilide crystallised in needles from 
alcohol, m. p. 154°. (Found: Cl, 86°2. C;}gH,,O0,NCl, requires Cl, 
36-1 per cent). 

The p-toluidide, prepared by adding the acid chloride mixture to 
p-toluidine in pyridine, crystallised in small plates from alcohol, m. p. 
184°. (Found: Cl, 84°6. C,,H,,O,.NCl, requires Cl, 84:8 
per cent). | 


Oxidation of (D.—The acid (б в.) was dissolved in potassium 
hydroxide (4 g. in 50 с.о. water) and potassium permanganate (4 р. 
in 50 c.c. water) was gradually added. Sulphur dioxide was passed 
through the solution after 48 hours and the filtrate was concentrated 

. and acidified when 4-methoxyisophthalic acid was obtained, m. р. 

| 965° (Jacobsen, Ber., 1878, 11, 899 ; Schall, Ber., 1879, 12, 828). 
(Found: Eqiv., 98:9. СНО; requires Eqiv., 98:0). The calcium 

| salt crystallised in needles from hot water. (Found: Ca, 14'9; H30, 
18'2. OpHg0,Ca, 29,0 requires Ca, 14:8; H30, 18:8 per cent). 


Hydrolysis of (I).—The acid (5 р.) was heated with potassium 
hydroxide (4 g. in 28 с.с. water) at 100° for 6-8 hours. The filtrate 

! was acidified with dilute hydrochloric acid when 4-methozy-B-carbozy- 
| phenylglycollic acid was obtained in poor yield, The product collected 


| 
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from. several experiments was crystallised from glacial acetic acid, 
m. p 268°, (Found: Eqpiv., 1127. Ото H1006 requires Equiv., 
118:0). ; 

Reduction of (I): Formation of 1: З-тефвоху-5- ui-diohloroathyl- 
benzoic acid (IT).— The acid (15 g.) was! reduced in glacial acetic acid 
(80 в.в.) solution using zino dust (8 g.) andthe mixture was stirred 
for 8 hours. The product obtained on diluting the filtrate crystallised 
in needles from glacial aceticfacid, m. р: 127°, yield 60%. (Found: 
СІ, 28:8; Equiv., 200. С, | 100361». requires Cl, 28°5 рег cent. 
Equiv., 249). | 

The methyl ester orystallibed in enhi needles, m.p. 57°. The 
above ester was also prep by reducing the corresponding ester 
of (D. (Found:.Ol, 267. В.Н: О 31 requires Ol, 26°9 per cent). 

The amide was prepared similarly'to the amide of (I). 16 erys- 
tallised in needles from alsohol, m. р. 147°. Ib was also prepared 
by reducing the corresponding &mide | of (I. (Found: Cl, 2838. 
Сто Hy Og NClg requires Cl} 28:6 per cent). 

The anilide.—The acid chloride mixture obtained by treating (II) 
with thionyl chloride was added to aniline. 16 crystallised i in needles 
from alcohol, m. p. 105°. dona. C1,122:0. 0, ,H,,0,Cl, requires 
Ol, 21:9 per cent). | D | 

The p-toluidide was obtained as small brown plates, m. p. 116°. 
(Found: Ol, 20:8. C,,H;;OgNCl, requires Ol, 21°0 per cent), -~ 

‚ Hydrolysis of the methorylgroup of (Ш).—5 G. of (П) were treated 
with hydroiodie acid (20 с.о.) at 125° and! 2-hydroxy-5-aa-dichloroethyl- 
bensoic acid crystallised from acotio acid m. p. 166°. (Found: Cl, 
20:0; Equiv., 284:8. C 9Hg030l, requires Cl, 80-8 per cent, Equiv., 
285-0). | | 

Fusion of (II) with alkali :| Isolation of 8-carbozy-4-methozyphenyl- 
acetaldehyde.—8 G. of (П) were heated at 1059 for $ hour with 
powdered sodium hydroxide | (8 g.) in water (2 с.с.) The filtrate on 
acidification gave the aldehyde, which was orystallised from acetic 
acid, m.p. 165°. (Found: quiv., mdi Ото Н 1904, Н,О requires 
Equiv., 2121). - | 

The potassium salt contai s one and a half molecule of water. 
(Found: К, 15:0; H,0, 101. — 14H30 requires К, 15'1; 
H,0, 10:4 per cent): | ; 

Oxidation of (II).—b5 G. о ИТ) were jissolved in fuming nitric acid 
and kept at 100° for 1 haur. It " cooled and diluted ш б- 
methozyisophihalio acid was obtained, m. p. 265°. 
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8-Hydrozy-6-aa-dichloroethylbenzoic acid was prepared by the 
reduction of 5 g. of 5 hydroxytrichloromethylphthalide (condensation 
product of m-hydroxybenzoie acid with chloral. Fritsch, loo. cit.) 
with zine dust (8 р.) and glacial acetic acid (BO c.o.). 16 crystallised 
in needles from dilute acetic acid, m. р. 194°, (Found: Cl, 8072. 
СНОС» requires Cl, 80:2 per cent). 

8-M ethoxry-6-aa-dichloroethylbengoic acid (III) was prepared by the 
reduction of 5-methoxytrichloromethylphthalide (condensation product 
of m-methoxybenzoic acid with chloral, m.p. 185°) with zinc and 
acetic acid. It orystallised in needles from acetic acid, m. p. 165°, 
yield 74 в. (Found: Cl, 28°6; Equiv., 250. C, .H 05615 requires 
СТ, 28'5 per cent. Equiv., 249). 

The sodium salt was obtained as small needles. (Found : Na, 8:6. 
Со H303C14Na requires Na, 8'5 per cent). 

The methyl ester was obtained by refluxing (LII) (8 g.) in methyl 
alcohol (25 с.о.) containing dry hydrochloric acid (2 р.) for $ hours. 
It crystallised in needles from alcohol, m. р. 88°. (Found: Cl, 26:8. 
C44 H4 403C1,4 requires Cl, 27°0 per cent). 

The ethyl ester crystallised in needles from alcohol, m. p. 64°, 
(Found: Cl, 26:6. C,.H,,03Cl, requires Cl, 25*6 per cent). 


The anilide. —2G. of (III) and thionyl chloride (1:5 р.) were heated 
at 60° for 4 hours and the mixture was added to aniline. It erystal- 
lised in needles from alcohol, m. р. 118°. (Found: Cl, 921'6. 
C4 94H45 OgNCl, requires CI, 21°9 per cent). 


Further reduction of (III): Isolation of 8-methoay-6-ethylbenzoic 
acid,—_5 G. of (ПТ) were further reduced by sodium amalgam. А 
current of carbon dioxide was passed into the solution to keep it 
neutral. The substance obtained on acidifying was crystallised from 
chloroform to remove & compound containing chlorine, which is 
present in а small quantity, and it was finally crystallised from 
alcohol as granules, m. p. 87°. (Found: Equiv., 190°5. C,)H,,0, 
requires Equiv., 190'1). 

8-aaa-Trichloro-B-hydroxyethyl-4-methozybenzoic acid.—Anisic acid 
(40 g.) and chloral (55 g.) were kept for 72 hours in presence of 
sulphuric acid (80 c.c.) The acid obtained on dilution was crystal- 
lised thrice from acetone as granules; shrinks at 161° and melts 
af 275°. (Found: Cl, 85'5; Equiv., 800'0. C,)H,0,0l, requires 
Cl, 36°6 per cent. Equiv., 299°5), 


5 
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B-a4-Dichloroethyl-4-meth benzoic acid.—The above acid (10 g.) 
was reduced by zinc dust (6 g.) and acetic acid (70 c.c.). It sepa- 
rated from glacial acetic abid or 50% alcohol in granules. It is 
soluble in acetone, shrinksfat 210° and melts at 221°. (Found: Cl, 
28'B; Equiv., 250'5. ОН, ОСЬ requires Cl, 28'5 per cent. Equiv., 
249). | 
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Antimony and Mercury Compounds of Quinoline 
and :soQuinoline. 


By RAJENDRA Матн SEN AND GOPAL KRISHNA MUKAERJEE. 


The present investigation was undertaken with the object of intro- 
ducing antimony in quinoline and isoquinoline nuclei and by the 
application of Bart’s reaction it has been possible’to introduce anti- 
mony into 8-, 5-, 6-, 7- and 8- positions of the quinoline nucleus. But 
as during the course of the investigation Morgan and Cook’s paper 
(J. Ohem. Soc., 1980, 787) dealing with quinolyl-5-, 6- and 8- stibinio 
acids has already appeared only the sodium salts of the corresponding 
7-and 5-derivatives are described in this paper. 

It has been observed that the position of the amino group in the 

quinoline nucleus is of very great consequence. Thus 2- and 4- 
aminoquinolines do not even respond to the diazo reaction (Mills and 
Watson, J. Chem. Soc., 1910, 97, 741; Claus and Frobenious 
J. pr. Chem., 1897, tt, 86, 191; Wenzel, Monatsh., 1894, 18, 458), the 
6 and 8-aminoquinolines yield only 10 to 15% of the stibinic acids 
(sodium salt) while 25-80% of the corresponding stibinic acids are 
obtained from 8-, 5- and 7-aminoquinolines. In the case of isoquino- 
line, however, the yield of the stibinic acid (sodium salt) is com- 
paratively small, being only 5-8% of the theoretical. All the 
stibinic acids in the free atate are more or less amorphous substances 
though they give sodium salts, which possess well-defined crystal- 
line shape and contain water of crystallisation. It is also interest- 
ing tonote that the crystalline sodium salts containing water of 
crystallisation are more or less coloured. The colour of the salts 
practically disappears on heating due to loss of water of crystallisa- 
tion but none of them melts or decomposes even at 800°. 


Tt has also been possible to obtain quinoline derivatives with a 
mercury atom in the nucleus by the action of mercuric acetate on 
8-oxy quinoline, the mercury atom entering the quinoline nucleus 
into the ortho or the para position to the hydroxyl group, probably 
in the latter as in the case of a-naphthol which usually gives the 
para compound. Hydroxymercuro-8-oxyquinoline sulphonic and 
carboxylic acids and a number of allied compounds have also been 
prepared by Heyden (D. В. P. 289246). Dede and Hessler 
(Z. anorg. Chem., 1980, 188, 825) have also described compounds of 
the type (C>H,ON)HgCl, (CgH,ON) prepared from 8-oxyquinoline 
and mercuric salts. 
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5-Bromo-8-oxyquinoline and 5:6-dibromo-8-oxyquinoline have 
been mercurated and it has been found that they also undergo mer- 
curation as easily as 8-oxyquinoline, the mercury atom evidently 
entering into the ortho position to the hydroxyl group. The bromo- 
oxyquinolinea were prepared by brominating 8-oxyquinoline (Claus 
. and Howitz, J. pr. Chem., 1891, ii, 44, 488). 

That in these compounds the mercury atom is not attached to 
the oxygen stom is proved by the stability of these comounds 
towards caustic alkalis, the o-mercury compounds being decomposed 
in the presence of caustic alkali (cf.Neogi and Chatterji, J. Indian 
Chem. Soc., 1928, 8, 221). These compounds sre soluble in caustic 
alkalis instead of being decomposed by them. 

These acetoxymercuri derivatives are amorphous powder, insoluble 
in water and in common organic solvents. On heating they decom- 
pose with the liberation of mercury. 


EXPERIMENTAL. 


Sodium quinolyl-7-stibinate.—7-Aminoquinoline (5 g.) was dis- 
solved in 100 e, e. of dilute hydrochloric acid (1:1) and diazotised. 
Antimony trichloride solution prepared by dissolving antimony 
trioxide (5 g.) in concentrated hydrochloric acid (19 с. c.) was added 
slowly with stirring to the diazo solution containing a further quan- 
tity of concentrated hydrochloric acid (10 в.с.). On keeping for an 
hour in ice the crystalline precipitate was filtered at the pump, 
washed with hydrochloric acid (d 1:2) and than with water till free 
from acid. The mass was then beaten up with distilled water and 
caustic soda solution (6 g. in 20 o.c.) was added gradually to it with 
vigorous mechanical stirring when evolution of nitrogen took place. 
The whole was then allowed to stand overnight after which the solu- 
tion was filtered and the residue extracted with a small quantity of 
boiling water. The combined filtrates were acidified with acetic acid 
and allowed to settle. Тһе gelatinous precipitate was washed 
several times with water by decantation after which it was 
emulsified with water, warmed on the water-bath and afew drops of 
caustic soda solution were added when the precipitate dissolved. 
On concentrating the solution on the water-bath the sodium salt 
began to separate. It was collected, washed with alcohol and ob- 
tained as an almost colourless substance not melting up to 800°. 
(Found: N, 482; Sb, 84°82. CjH4,Og4NNaB8b, Н.О requires М, 
414; Sb, 85°5 per cent). 
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Sodium quinolyl-8-stibinate was obtained from 8-aminoquinoline, 
prepared according to Mills and Watson (J. Chem. Soc., 1910, 97, 741); 
silky needles slightly orange in colour and not melting up to 800°, 
(Found: М, 8°92; Bb, 36°10. C,H,O,N NaBb, Н.О requires М, 
4°14; Bb, 85'6 per cent). 

Sodium isoquinolyl-5-stibinate was prepared from 5-aminoiso- 
quinoline in the same way as above in light greyish brown needles 
not melting up to 800°. (Found: N, 8°85; Sb, 85:18. C9H,O&N Na Sb, 
HO requires N, 4°14; Sb, 85'6 per cent). 

5-Aoetozymercuri-B-ozyquinoline.—AÀn aqueous solution of mer- 
curic acetate (15 р.) acidulated with acetic acid (5 0.0.) was added 
rapidly with stirring to a solution of 8-oxyquinoline (5 р.) іп caustic 

soda solution (2°5 g. in 250 c. c. of water) when a voluminous preoipi- 
tate separated. The solution, acid to litmus, was then allowed to 
stand foran hour after which the supernatant clear liquid was 
siphoned off. The precipitate was then washed several times with 
water by decantation, filtered at the pump, washed with water, dried 
and then washed several times with hot benzene зо remove any 
excess of 8-oxyquinoline. 16 is a beautiful red powder, decomposing 
above 280°, insoluble in glacial acetic acid and in alcohol. It is 
soluble in caustic soda and also in moderately strong hydrochloric 
acid. (Found: М, 3°05; Hg, 49°1. C;,H,O,NHg requires М, 38°47; 
Hg, 49°68 per cent). 

7T-Acetoxymerouri-6 :6-dibromo-8-oxyquinoline was prepared from 
6 :6-dibromo-8-oxyquinololine as above, the dried product being 
finally treated several times with hot alcohol to remove dibromo-oxy- 
quinoline. It is a yellow powder decomposing at 180-81°, insoluble in 
glacial acetic acid and in common organic solvents, soluble in 
caustic alkalies which do not decompose it. Ibis, however, soluble 
in moderately strong hydrochloric acid. (Found: М, 2°05; Hg, 34°98. 
C,,H,O,NBrgHg requires М, 2°5; Hg, 35 65 per cent). 

7-Acetozymercuri-5-bromo-8-oxyquinoline was prepared from б- 
bromo-8-oxyquinoline. It is a yellow powder decomposing at 281-32°, 
insoluble in glacial acetic acid and in common organic solvents but solu- 
ble in caustic alkali (Found: №, 3:060; Hg, 40°64. C1; H,O;NBr Hg 
requires М, 2:0; Hg, 41:5 per cent). 
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Chloralides from a-Hydroxycarboxylic Acids and their 
Reduction Products. 


By NassuNH MULJIBHAI BuaH AND huPOHAND LILARAM 
ALIMOHANDANI, 


Numerous investigators (Stideler, Annalen, 1847, 61, 101; 1858, 
406, 254 ; Wallach, ibid., 1878, 193, 1; Otto, ibid., 1888, 289, £62 ; 
Кекше, ibid., 1858, 105, 298 ; Grabousky, Ber., 1878, 6, 265, 1070; 
1875, 8, 1488 ; Schiff, ibid., 1808, 81, 1808 ; Edeleanu and Zacharia, 
Chem. Zentrl., 1895, И, 212 ; Patterson and Macmillan, J. Chem. 
Soc., 1912, 404, 794 ; Bóeseken, Proc, К. Akad. Wetensch., Ams- 
terdam, 1926, 38, 1084) have studied the chloralides derived from 
a-hydroxycarboxylic acids. А solitary instance of reduction of a 
chloralide by zine and hydrochloric acid is recorded (Wallach, loc. 
cit.). 

C1430—CH—0—CH-CC], —> CCl, :CH' COOH 
с) 

In а previous paper (J. Indian Chem. Boc., 1984, 11, 467) the 
authors showed that a certain chloralide is reduced with production of 
а mixed ether in which one of the radicala ів derived from the alcohol 
HO'-CH4'CHCla. Because such ethers are hardly known, the authors 


have prepared the chloralides of malic, tartaric, citric, mandelic and 
benzilic acids and have reduced them. 


Wallach (loc, cit.) prepared chloralides by heating the components 
in sealed tubes and obtained poor yields. "The authors have prepared 
some of them by the method employed by Bhatt (J. Univ. Bombay, 
1982, 1, 222) which consists in mixing the acid, chloral hydrate and 
sulphuric acid. This method, however, proved unsatisfactory with 
aromatic acids and Wallach’s method had to be used. 


Benzilic acid chloralide has been obtained for the first time. 
Some of the other chloralides prepared have different melting points 
from those recorded by previous investigators (Wallach, loc. cit. 
Bhatt, loc. cit, Boeseken, Proc. К. Akad. Wetensch. Amsterdam, 
1927, 90, 55 ; Yorston, Heo. trav. ohim., 1027, A6, 711). This 


A 
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difference is due either to the variety of the acid used (racemic or 
active) or to the method of preparation. The following table shows 
the melting points of various chloralides recorded by various workers. 


Uhlorshde of Wallach. Bhatt, Boegeken. Yorston. Shah and 
Alimchandani. 
Malic acid 189-40° 139-40* — — 180-181" 
Tartario acid 122-24* 198-80* 116-18" 160* 161-62° 
— 150-58? 169-01* 178* ° 175* 
Ойто acid — 161-09? ` 109? — 104" 
Mandelio acid §2-88° §2-88° — — 71° 


Previous workers have used [-malie acid, whilst the acid used by 
the authors was optically inactive. Wallach’s tartaric acid chloralide 
differs from that of later workers, because though he started like them 
with a d-tartaric acid, the product obtained by him was inactive owing 
to racemisation when the acid and chloral were heated together at 
160-60° (cf. Bhatt, loc. cit.). From  d-tartaric acid, Bóeseken ob- 
tained two chloralides and Yorston (loo. cit.) also got two products. 
The authors first got Bóeseken's product (m.p. 110-18?), which on 
further crystallisations gave two products (m.p. 161-62° and 175°), 
which agree with the products of Yorston and as suggested by him, are 
cis-trans isomers. Our citric acid chloralide corresponds with that of 
previous workers. ‘The mandelic acid that we used was the inactive 
variety (m.p. 118-19°) ; and on condensation with chloral, it gives a 
chloralide (m.p. 71°). In spite of repeated crystallisations, we could 
not get the higher melting point.* | ' 

These chloralides on treatment with alkalis decompose giving 
chloroform, except benzilic acid chloralide which is remarkably 
stable. 

The chloralides have been reduced using zinc dust and acetic acid, 
the reduction proceeding in & similar manner to that of the group © 
CH(OH)CCl, (Meldrum and co-workers, J. Indian Chem. Soc., 1995, 


* The chloralides 
CON'OHO + HO—-OH—R O-—OH-R 
| OOl - OH 


HO-O00 oo 


E 


being saturated ring compounds admit of ots-trans isomerism ; the radicals ОС]; and 
E may be situated on the same side of the ring or on opposite sides. The work on 
this isomerism ів in progress and shall form a future communication. A preliminary 
note on this isomerism was read in the Ohemistry Seotion of the Indian Saience 
Congress, Bombay, 1984, 
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9, 1; 1982, 9, 488; Shah and Alimchandani, ibid., 1981, 8, 262). 
The chloralide ring 


| 
E WM QU opens and the group —C—O-—CH(OH)CCl, 
2 CO— | OOH 
is reduced to the group —C—-—~O—CH,CHOl, in five instances 


COOH 
including the one in the preceding paper. Citric acid chloralide 
is exceptional in that its reduction product contains the group 


_b 00H CHOs, , 
и О 

Both the chloralides of tartaric acid on reduction give identical 

products. 

Saturated formula have been assigned to the reduction products 
described here because they did not absorb bromine in chloroform 
or ethereal solution. 

These reduction products are stable towards dilute alkalis and can 
be easily titrated ; on heating with sulphuric acid, hydrochloric acid 
gas is evolved and the substance decomposes. 


EXPERIMENTAL 


Malic acid chloralide.—Inactive malic acid (Kahlbaum, m. p. 
130°, 7 g.) and chloral hydrate (8 g.) were shaken with concentrated 
'sulphurio acid (20 o. о.), when a clear solution was formed which 
solidified after an hour. “the mixture was kept overnight and filtered 
using flannel and the solid washed and dried It was orystallised 
from acetic acid and water and finally from hot chloroform as 
glistening plates, m. p. 180-81°, yield 7°5 g. (Found: Cl, 40°15. 
C,gH,0,Cls requires Cl, 40° 89 per cent). 

Reduction of the malic acid chloralide.—To the suspension of the 
ohloralide (5 g.) in glacial acetic acid (85 o.c.) zino dust (10-12 g.) 
was gradually added and after each addition the mixture was shaken. 
The mixture was shaken for about an hour, when the chloralide dissolv- 
ed; The filtered solution was neutralised with sodium carbonate and 


6 
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the calcium salt, prepared by adding calcium chloride to the’ boiling 
solution, жав decomposed with dilute sulphuric acid, the 


calcium sulphate removed and the filtrate extracted with ether, 
dried with sodium sulphate and the ether removed and the solid 
obtained was crystallised from a mixture of ether and petroleum 
benzine as rectangular plates, m. p. 180-31°, yield 2g. (Found: 
Cl, 80%; Equiv., 114'9. О; Hg О; Clg requires Cl, 30°70 per cent. 
Equiv., 115°). | 


Tartaric acid chloralide.—d-Tartaric acid (15 g.) and chloral hydrate 
(88 р.) were shaken with sulphuric acid (60 c.c.) and solid was 
collected after i hour and washed with water. It was crystallised 
from dilute acetic acid and further purified by dissolving in ether 
and ddding petroleum benzine; prismatic needles, m. p. 161-62°, 
yield 10 g. On adding more petroleum benzine to the warm 
mother liquor thin rectangular plates were obtained which were 
recrystallised from the same solvent as long thin needies, m. p. 
170°, yield 4 р. (Found: Cl, 51°75. CgH,O,Cl, requires СІ, 
52:0 per cent). 


Reduction of tartaric acid chloralides.—Both the chloralides were 
separately reduced under similar conditions. Each chloralide (5 g.) was 
dissolved in acetic acid (25 с.о.) and zinc dust (10 р.) added as des- 
cribed above. The acetic acid filtrate was nearly neutralised with 
Nag СО» and evaporated to half the bulk, which on acidification with 
hydrochloric acid gave the reduction product. It crystallised from 
boiling water as thin light lustrous plates, m. p. 216-17° (decomp.). 
(Found: Cl, 89° 86; Equiv., 182, 180. CgH,,0,Cl,, Н.О requires 
Cl, 89: 17 per cent. Equiv., 181). The molecule of water could not 
be removed even on heating to 170° without decomposition. 


Citric acid chloralide.—Critie acid (11 g.), chloral hydrate (8 в.) 
and sulphuric acid (20 с.о.) were mixed, the materials -on shaking 
for about ап hour formed а clear solution. After 24 hours, ib was 
poured over ice. The solid was collected, washed with cold water 
and crystallised from a mixture of glacial acetic acid and concentrated 
hydrochloric acid, m. p. 164°. 


Reduction of citric acid ohloralide.—To the hot solution of. 
chloralide (50 р.) in glacial acetic acid (195 c.c.) zine dust was 
added as described before. Vigorous reaction took place and the 
mixture boiled gently. The product was obtained by preparing 
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the barium salt, which after removing barium as sulphate gave 
needle shaped crystals on concentration to a small bulk, which were 
recrystallised from 8 mixture of ether and petroleum ether as 
rhombic crystals, m. p. 208°. It crystallised from concentrated 
hydrochloric acid in clusters of needles. (Found: Cl, 24°84; Equiv., 
143° 8. CgH,0, Cl, requires Cl, 24 71 per cent, Equiv., 143°5). 


Mandelic acid chloralide.—Inactive mandelio acid (10 р.) and 
freshly distilled chloral (16 g.) were heated in a sealed tube at 120-25° 
for about 8 hours. On cooling, the contents were poured into water, 
a white thick paste separated. which was repeatedly washed with 
water, when it solidified on keeping. It was first crystallised from 
dilute acetic acid from petroleum benzine and finally from absolute 
alcohol as prismatic crystals, m. p. 70-71°. (Found: Cl, 87 88. 
Ci 9H7O 3Cl, requires Cl, 87:82 per cent). 

Reduction of mandelic acid chloralide .—The chloralide (6 р.) dissolved 
in acetic acid (20 o.c.) was reduced as before. The product was preci- 
pitated as zinc salt, which on acidification with concentrated 
hydrochloric acid gave an oil which slowly solidified. It crystallised 
from benzene as rhombic plates, m. p. 114-15°, yield 8g. (Found: 
Cl, 28:56; Equiv., 248: 0. 0O,;9H,,030lg requires Cl, 28°47 per 
cent. Equiv., 248°9). 

Benatlic acid chloralide.—Benzilie acid (5 р.) and freshly distilled 
chloral (8 д.) were heated in a sealed tube for about 5 hours at 160- 
65°. The contents were poured into water and the oil separating 
was washed with water when it solidified slowly. It was crysta- 
llised from glacial acetic acid and then from absolute alcohol as 
prismatic needles, m. p. 70°. (Found: Cl, 20°97. Ois H4, Og Clg 
requires Cl, 29°77 per cent). 

The same chloralide was prepared also by heating the acid and 
chloral in & flask over a small flame and keeping the molten mixture 
in contact with concentrated hydrochloric acid in a bottle for 24 
hours. This choralide is remarkably stable towards alkaline solutions. 


Reduction of bensilic acid chloralide.—To the solution of the 
chloralide (9 g.) in glacial acetic acid (45 о.о.) zinc dust (16 в.) was 
added as before. After some time, the mixture solidified; more 
acid was added and the unchanged zinc removed. ‘The filtrate was 
neutralised with sodium carbonate and diluted with water when a 
pasty mass separated; it was washed with water, when 15 solidified. 
On crystallising from benzene, a small quantity of a crystalline 
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product was obtained, т. p. 102-4°. (Found: Cl, 21°61. 
C41 gH,4,03Cl, requires Cl, 21:82 per cent). 

The authors are grateful to Late Dr. A. N. Meldrum for his advice 
and suggestion in connection with this work and to the University 
of Bombay for a grant to one of them (N. M. В) in aid of this investi- 
gation. 


KARNATAK COLLEGB, 


DHARWAR Recewed March T, 1984. 


Derivatives of Salicylio Acid. Part VIII. Interaotion 
of Thionyl Chloride with Esters of Hydroxy 
Aromatic Acids in Presence of Finely Divided 
Copper. Part III. Synthesis and Constitu- 
tion of 8 :3’-Carbomethoxy-4 :4-hydroxy- 

5:8 -methyldiphenyl Sulphide and its 
6:0 -Methyl Analogue. 


Ву М. W. Hieve, С. V. JADHAV AND Y. CHAKRADEO. 


Methyl esters of 3-methyl- and 4-methylaalicylic acids were 
chosen to continue the work described previously (J Univ. Bombay, 
1988, 2,128) and it has been found that whereas methyl 5-methyl. 
salicylate does not react, its 8-methyl isomer reacts with difficulty 
giving a poor yield while the 4-methy] analogue reacts easily giving 
& good yield. 

Though both positions 8 and 5 are favoured by the direoting 
influences of OH. and COOH groups in salicylic acid yet the 6-isomer 
is generally the major product and in sulphonation 5-sulphosalicylic 
acid alone is obtained. Itis interesting to note, in the present in- 
vestigation, that though the original influence is increased by the 
presence of the Me group in methyl 4-methylsalicylate, the 5-deriva- 
tive only is obtained. When the 5-position is occupied by the Me 
group as in methyl 5-methylsalicylate no condensation could be 
effected, while in the case of 8-methyl isomer the 5-derivative was 
obtained with difficulty, indicating that the Me group hinders the 
directive influences of OH and COOH groups to the position meta 
to itself ; and that the thio group prefers to enter the para position 
to OH group. 

As for the mechanism of the reaction 16 has been found that the 
presence of copper as в catalyst is necessary, since the reaction is 
inhibited by the presence of a COOH group. The rôle of copper 
in the reaction is two-fold. The following series of equations illus- 
trate the reaction :— 


(i) 8Cu+480Clg—>8 CuCl, + 8.01. + 280, 
(i) 2[C;H$(CH4)( OB)(COOCBH,) | + 8С + Cu— 
[C,H,(CH;)(OH)(COOCH,)|,8+2HC]+8 


^- 
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(iii) CuCl, +80g—> CugOlg + 0501, 

(iv) CuCl, 4 28001g—-2CuCl, + SCl + 809 

(v) (0. H 1008,00) (COOCH,)] +801, + Cu ог CuCl, 
—*[O4H4(CH4)(OH)t COOCH,)],8+2HC! 


Reaction of thionyl chloride with bivalent metals (Mellor, 
‘Treatise of Inorganic Ohemistry’’, Vol. X, 662). supports (i). 
The fact that the sulphur monochloride and sulphur dichloride do not 
react with the esters without the presence of copper or cuprous 
chloride, supports (И) and (v). That the anhydrous copper chloride 
does not catalyse the reaction, but jt is catalysed by (a) the hydrated 
copper chloride, (b) anhydrous copper chloride with traces of water, 
ог (с) anhydrous copper chloride with ВО. initially passed in the 
mixture, supports equations (iti) and (iv). 

The constitution of the products formed by the action of thionyl 
chloride .on methyl 4-methylsalicylate and methyl 3-methylsalicy- 
late was proved to be 8:8/-carbomethoxy-4:4/-hydroxy-6 :0'-methyl- 
diphenyl sulphide and 8:8/-carbomethoxy-4:4'-hydroxy-6 :5/-methyl- 
dipheny! sulphide by the action of dilute nitric acid on their respeo- 
tive carboxylic acids, when known 4-methyl-5-nitrosalicylic and 8- 
methyl-5-nitrosalicylic acids were formed. Concentrated пло acid, 
however, reacted with these acids giving 2:4: i trinitro-8-methyl- 
phenol nd 4 :5 :0-trinitro- 2- methylphenol. 


EXPERIMENTAL. 


8 :8/-Carbomethowy-4 :4'-hydroxy-6 :6'-methyldiphenyl sulphide.— 
To & mixture of methyl 4-methylsalicylate (80 g.) and thionyl 
chloride (60 g.) copper dust (20 g.) was gradually added when dense 
fumes of sulphur dioxide and hydrogen chloride were evolved. The 
mixture was protected from moisture by fitting the flask with a 
cork carrying a tube twice bent at right angles and kept at room 
temperature overnight and then warmed on а water-bath for about 
an hour. After extracting with chloroform and filtering the copper 
dust, the filtrate was evaporated and the solid repeatedly crystallised 
from dilute acetic acid when colourless needles, m. p. 162°, were 
obtained. Ibis soluble in chloroform, benzene, acetic acid, carbon 
disulphide, acetone, ethyl alcohol; insoluble in petroleum ether and 
carbon tetrachloride and gives bluish violet coloration with ferric 
chloride solution. (Found: 8, 8:87; Equiv, 1812. C,;3H;3,0,8 
requires В, 8°84 per cent. Equiv., 181). 
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The diacetyl derivative, prepared by the action of warm acetic 
anhydride in presence of a few drops of concentrated sulphuric acid, 
orystallised from alcohol in colourless needles, m. p. 182°. (Found: 
S, 700. CggH 90,8 requires В, 7:17 per cent). 

The dibenzoyl derivative, prepared in pyridine solution and warm- 
ing the mixture on а water-bath for about 8 hours, crystallised 
. from alcohol in colourless needles, m. p. 140°. (Found: В, 5:48. 
СззНасОз8 requires В, 5:81 per cent). 

The dicarbamido derivative.—A mixture of the carbomethoxy 
compound (5 р.) and liquor ammonia (100 c. c.) was shaken for about 
8 hours and the solid obtained- after the evaporation of the liquid 
was erystallised from glacial acetic acid in gritty flakes, m. p. 280° 
(decomp.). It is insoluble in alcohol, chloroform, acetone and glacial 
acetic acid. (Found: М, 8'19 ; B, 9°47. C,;,H,,0,4No8 requires М, 
8 48 ; B, 9°64 per cent). 

8 : 8'-Carbozy-4 :A'-hydrozy-6 : 6/-methyldtphenyl — sulphide.—The 
above ester (10 р.) was treated with sodium hydroxide (10%, 100 е. е.) 
and boiled for about 2 hours. The solid obtained on acidification 
with hydrochloric acid was crystallised from glacial acetic acid in 
colourless plates, m: p. 260° (decomp.). It is difficultly soluble in 
chloroform and benzene ; insoluble in petroleum ether and soluble in 
acetone, acetic acid, ethyl alcohol and gives bluish violet coloration 
with forric chloride solution. (Found: В, 9°75 ; Equiv., 1678. 
C1 4H 40,8 requires В, 9°68 per cent. Equiv., 167°0). 

The diacetyl derivative was prepared in the usual manner, m. p. 
199°. (Found: 8, 7°58. O44H,4048 requires, 8, 7°65 per cent). 

The dibenzoyl derivative crystallised from alcohol in colourless 
needles, m. p. 188°. It is soluble in common solvents but insoluble 
in benzene and petroleum ether. (Found: В, 5°79. С..Н,.058 
requires 8, 5'9 per cent). 

The dimethozy derivative was prepared by methylating with di- 
methylsulphate and crystallised from alcohol in colourless needles, 
m. p. 282°. (Found: В, 8°78. 0,,H,,0,8 requires В, 8:84 per 
cent). 

8 :8/-Carboay-4 : 4! -hydrocy-5 :6'-bromomethyl-6 : 0/-diphenyl sul- 
phide.—The above substance was dissolved in hot glacial acetic acid 
(200 с. в.) and bromine (5'5 g. ) in acetic acid (15 c. c.) was gradu- 
ally added. The brominated compound which separated on cooling 
was crystallised from hot glacial acetic acid in colourless needles, 
m. p. 267° (decomp.). Itis insoluble in benzene, petroleum ether; 
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sparingly soluble in chloroform, ethyl alechol and acetic acid. 
(Found: Br, 82:48 ; S, 6°88. Equiv., 245°6. С.Н. 404 Br48 requires 
Br, 82'52 ; B, 6°50 per cent. Equiv., 246'0). 

4-Methyl-5-nitrosalioylic — acid. —98 :8'-Carboxy-4 :4/-hydroxy-6 :6/- 
methyldiphenyl sulphide was suspended in dilute nitric acid (20 oc. с. 
concentrated acid and 80 e. c. water) and warmed till a clear solution 
was obtained. The solid precipitated on diluting the cold solution | 
with much water was crystallised from dilute alcohol, m. p. 219°. 
(Found: N, 6°98. CgH,0O,;N requires №, 7'11 per cent). Borsche 
and Berkhout (Annalen, 1903, 880, 100) give m. p. 219°. 

2:4 :0-Trinitro-B-methylphenol.—When the original thioether 
(1 д.) was treated with concentrated nitric acid (10 с.с.) warmed a 
- little and then diluted with water a solid compound was obtained 
which crystallised from alcohol, m. p. 108°. (Found: М, 16'968. 
C,H;0,Nz, requires N, 17:28 per cent). Nólting and Salis (Ber., 
1881, 14, 987) give m. p. 105-6°, 

8:8'-Carbomethozy-A :4!-hydroxy-5 :5!-methyldiphenyl | sulphide.— ә 
This was prepared from methyl 8-methylsslioylate (80 р.) thionyl 
chloride (50 р.) and copper dust (20 в.) and isolated like its 6-methy! 
isomer ; but in this case a pasty solid was obtained which was wash- 
ed with petroleum ether and repeatedly crystallised from dilute acid in 
needles, m. p. 161°. It resembles its 6-methyl isomer in solubility 
and other properties. (Found: В, 8'8. Hquiv., 1828. C©,,H,,0,8 
requires S, 18°84 per cent. Equiv., 181°0). : 

8:8/-Oarboazy-4 :A'-hydrozy-5 :6!-methyldiphenyl sulphide.—It was 
obtained by hydrolysing the above ester with sodium hydroxide (10%, 
100 о. с.). Ib crystallised from glacial acetic acid in colourless 
plates, m. p. 279° (decomp.). It resembles its 6-methyl] isomer in 
solubility and other properties. (Found: 8, 95; Equiv, 167°2. 
Ci gH,,0,8 requires 8, 9'8 per cent. Equiv., 167°0). It gave 
3-methyl-5-nitro-salicylio acid with dilute nitric acid. It  erystal- 
lised from dilute alcohol in needles, m. p. 199°. (Found: М, 6:9, 
©,H,O,N requires N, 7'11 per cent). (Einhorn and Pfyl, 
Annalen, 1900, 811, 47 ; Borsche and Berkhout, loc. cit.) give m. p. 
199°). Concentrated nitric acid gave 4:5 :6-trinitro-2-methyl-phenol, 
m. р. 102°. (Found: N, 170. OC.;Hj0;N, requires N, 17°28 
per cent) Nölting and Collin (Ber., 1884, 17, 270) and Sommer 
(J. pr. Chem., 1908, ii, 67, 553) give m. p. 102°. 
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Studies in the Coagulation of Colloids. Part VIII. 
- Тһе Viscosity Changes in Colloid Arsenious 
Sulphide when Coagulated by Binary Mixtures 
of Potassium Halides in the Slow Region. 


By ӨнврнАв ЗАВУОТТАМ dJosmr AND T. В. GoPALASWAMI IYENGAR. 


The earliest observations of the effect of electrolytes on the vis- 
cosity of colloidal solutions were made by Gokun (2 Chem. Ind. 
Kolloide, 1908, 8, 84), who showed that the rate of increase of the 
viscosity with time of pure gelatine solutions is diminished by the 
addition of ammonium nitrate. Schorr (Biochem. Z., 1908, 18, 178), 
Pauli and Handovsky (ibid , 1909, 18, 840), and Woudstra (Z. Chem. 
Ind. Kolloide, 1911, 8, 73) studied т, the viscosity of colloidal 
solutions as a function of o, the concentration of the added electro- 
lyte. The chief result of these investigations is that the 7-с relation 
is not a simple one, a minimum being usually observed in the early 
part of the curve. Dhar and co-workers (d. Phys. Chem., 1926, 30, 
1646; Kolloid Z., 1928, 44, 225 ; 1929, 48, 48) have confirmed this 

_in the cage of a number of colloidal solutions. 

It would appear, however, that despite the investigations of Kawa- 
mura (J. Coll. Sci. Imp. Univ. Tokyo, 1908, 28, No. 8), Freundlich 
and Ishizaka (Trans. Faraday Soc., 1918, 9, 66), Wo. Ostwald (ibid., 
p. 84), Pauli (ibid.. p. 64), Smoluchowski (Kolloid Z., 1916, 18, 190), 
and especially Gann (Koll, Chem. Beih., 1916, 8, 65), detailed inform- 
ation is not available on the time variation of the viscosity of a 
colloid of the lyophobe type when treated with an electrolyte 
solution, 

Work carried out in these laboratories (Joshi and Viswanath, 
J. Indian Chem. Soc., 1988, 10, 329; Joshi and Menon, tbid., 1988, 
10, 599; Joshi and Nanjappa, ibid., 1984, 11, 188) has shown that in 
the slow region, the coagulation is not а time-continuous process 
unless viscosity change is not always an index of the corresponding 
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coagulation. It has been observed thatthe y-time curve is discon- 
tinuous and that a diminution of 7, soon after the start of coagulation 
is usually produced. In view of the obvious bearing of these facts 
on our views on the kinetics of coagulation it was of interest to 
examine the above phenomena under conditions different from those 
used previously (loc. cit.) In the present work mixtures of КЕ, 
KCl, KBr and KI in different proportions have been used as the 
coagulating agents. Jt might also be added that practically no 
information is available in the literature on the viscosity variations 
produced in colloids when coagulated by elect rolyte mixtures. Obser- 
vations with the fluoride have been made in some detail in view of 
the marked paucity in the literature of coagulation data made with 
this coagulant. 


EXPERIMENTAL, 


The &rsenious sulphide sol used in these experiments was prepared 
by adding intermittently small quantities of a triturated solution of 
argenious oxide to & saturated solution of hydrogen sulphide in water. 
The excess of Н.б was removed by passing a ourrent of hydrogen. 
The colloid content of the sol, thus prepared, was estimated by coagu- 
lating & known volume of the во] with a suitable electrolyte and 
after washing the coagulum free of the electrolyte, drying it at 200° 
and weighing. Thus determined, the colloid content was 10°7 g. per 
litre. The viscosity of the colloid mixed with an equal volume of 
a solution of any one or more of the alkali halides in suitable propor- 
tions was determined by the Scarpa’s method with appropriate 
modifications as described by Joshi and Menon (loc. cit.). The 
results are expressed relative to the viscosity of water taken as 
unity. The temperature of the thermostat was kept constant 
ab 85?.pO'lin al the experiments. The suction applied waa 
regulated within 0'2 mm. at 26 cms. of water. The condition of the 
apparatus to give reproducible results was repeatedly examined by 
measuring the viscosity of water at different times during the course 
of these experiments. The accuracy of measurements with water 
was never found to be less than 0°16. Changes exceeding by at 
least three times the last quantity only have been reported. The 
viscometer was well illuminated bya light behind the thermostat. 
During every observation the colloid in the viscometer and that in 
the outside jar containing the viscometer was very carefully exa- 
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mined for the slightest appearance of flocculation, i.e., of fine particles 
of the coagulum produced either in the liquid, or left on the walls of 
the viscometer. When this was observed -measurements were 
discontinued. 

in curves 1—46 (Figs. 1—4) abscissa stands for the time axis and 
ordinates fer 7. In order to prevent overlapping of curves іп a 
given series and especially to economise space, a number of curves 
have been drawn with separate time and y-axis. The scale units 
chosen are indicated in the figure with reference to the curve or 
curves to which they correspond. The composition of the coagula- 
ting mixture corresponding to the 7-time curves in a vertical row is 
shown in & tabular form preceding the diagrams (cf. Table II). 

The data given in Table I were deduced from curves in Fgs. 
1—4. Тһе normalities in the coagulating mixture of each one of the 
four electrolytes used are indicated in the second column, the third 
gives the total halide content in the mixture. The fourth and fifth 
columns represent 7,, the initial and na, the first minimum viscosity. 
The difference between these quantities has been expressed as a 
percentage of the initial viscosity and results shown under yg, in the 
sixth column. To give an idea of the discontinuities of the 7-time 
curves, 7, the lowest viscosity observed in 2 hours (except in cases 
when coagulation with deposition of particles occured earlier as in 
cOagulations represented by curves 2, 4in Fig. 1; 15, 18 in Fig. 2; 
25, 27, 44 in Fig.B and 32 in Fig. 4) is shown in column 8, е9., а= 
1'005 in curve 14, Fig. 2, ль, the highest viscosity reached in the same 
period is given in column 9, e.g., b —1:027, in the same curve. The 
difference between these two, vis., 0'022 is expressed as a percentage, 
vis., 2°18 of у;, the initial viscosity, 1'088, and the results quoted in 
column 10, under В. Ту indicates the time in minutes corresponding 
to fm: the first minimum on the y-time curve. 
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DiIsoUssION. 


Tt is now well known that Smoluchowski’s theory (Z. physikal. 
Ohem., 1917, 99, 129) for the kinetics of coagulation breaks down for 
3low coagulations. The mechanism of the coagulation process as con- 
semplated in this theory is that, coagulation is but a continued coales- 
sence of the original colloid particles to form bigger aggregates. The 
ahange is, therefore, considered аз progressing continuously during 
she coagulation-time. On this basis, therefore, ib is to be anticipated 
shat а colloid-sensitive property like viscosity, would vary continuously 
during the coagulation. The 7-time curves in Figs. 1—4 show, however, 
shat distinctly the contrary is the case at any rate in the slow region. 
It ів seen from column 10 in Table I that the breaks in these curves 
загу in the range 0°6 to 2% of the initial viscosity. 16 is consider- 
ad that this is appreciably greater than the probable experimental 
arror. ‘Now ib is probable for instance starting with в certain number 
of primaries (by which is meant simply the original particles of the 
sol) when mixed with the coagulator, the formation of agglomerates 
shrough successive coalescence might obtain as the main process 
during a certain period, and that during this period the viscosity 
might vary in a certain sense, е.д., increase. After this period 
depending upon the stage of the coalscence, the agglomerate might 
suffer a break down due (t) either to instability induced as a result 
of the charge on the size and the nature of the structure of the sol 
Darticles reached, or (ii) bythe action of the ions carrying the same 
eharge as the sol. This will produce = viscosity change in в direot- 
jon opposite to what happened .previously. When examined over 
a prolonged time, the operation of the two seta of factors mentioned 
above will produce breaks on the 7-time curve, as observed. A 
considerable amount of evidence has now been accumulated in these 
laboratories on the existence of these breaks by using other proper- 
fies besides viscosity $0 measure coagulation, which will be published 
ghortly. | 

lt is not unlikely that the occurrence of the initial viscosity fall 
observed in а very large number of coagulations reported already 
боо, cit.) is distinctive of some early stage in the process of coagula- 
Gon. In the present work this quantity varies in the range 0°5 to 4% 
cf the initial viscosity (column). It is significant that Ту», the time 
corresponding to the attainment of na., the minimum viscosity varies 
in the range 16 to 40 minutes in 40 out of 45 coagulations examined, 
when both the nature and the concentration of the coagulator were 
varied over a markedly wide range. It is known that but small 
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changes in c, the electrolyte concentration produce very marked 
changes in Т, the time corresponding to the attainment of a given 
stage of coagulation as is for example illusirated by Paine’s well 
known exponential relation for c and Т (Koll. Chem Beih., 1912, 
16, 430). It is to be noted that Ty, the time required for attaining 
the first minimum viscosity is not influenced markedly by alterations 
inc. Presently therefore, it correspends to some change which is 
of a different nature from that represented by T. 

Tt is instructive to examine the magnitude of the initial fall in 
7 and the discontinuousness of the y-time curves in relation to the 
composition of the coagulating mixture. The amount of colloid 
was constant; except when potassium flouride was used, (curves 
7-12, Fig. 1; 22-28, Fig. 8 and 29-45, Fig. 4) that of any of 
the other halides, or of the binary mixture was generally in 
creased up to 2 c.c. №. With this maximum amount of the 
coagulating substance, the y-time curves show a continuous rapid 
rise (cf. curves 2, 4, 15, 18, 25, 27, 82, 42 and 44). The initial fall 
occurs in 6 out of these 9 coagulations and varies in the range 0'8 
to 2%; its absence in the remaining three coagulations (curves 4, 
18 and 27) might be due to the viscosity rising rapidly to large values 
from the very start of the coagulation, and thus marking the com- 
paratively smaller changes in the initial stages. Precisely similar 
results under above conditions have been reported in previous publi- 
cations (loc. cit.). 

7-time curves for coagulations with the flouride show a compara- 
tively large initial fall and subsequent discontinuities, although its 
amount in the coagulating mixture was increased to 5 c.c.N (curves 
7-19, Fig. 1). For less than half this normality, curves for KCl and 
KBr rise rapidly and continuously (cf. curves 2 and 4, Fig. 1). The 
influence of KI appears to be intermediate between KF on the one 
hand and KCl and KBr on the other. Thus for example, for 2 с.о. of 
N-KI, the y-time curve (No. 6, Fig. 1) has & greater initial fall, is 
slower rising, and more discontinuous than those when the same 
normality of KCl and KBr was added (curves 2 and 4, Fig. 1). A 
rapid rising and continuous curve is obtained only when 0'5 с.о. of 
N-KCl is added to 2 e.c. of N-KI (No. 44, Fig. 8). Ар interesting 
comparison of the relative influences of these halides is obtained by 
examining the following curves: 


Curve 12, Fig. 1 refers to coagulation by б с.о. of N-KF 
only; it shows firat a large fall of viscosity, vis., 2°07% in the 
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mia! stage; then, on the whole, the viscosity tends to diminish 
luring coagulation, and that markedly discontinuously. When the 
above amonut of КЕ is replaced partly by KI, that is, when 
she coagulant is 4 о.о. N-KF-rlo.c. of N-KI, the 7-time curve 
No. 85, Fig: 4) shows a smaller initial fall, vis., 1 8895 and the visco- 
sity increases almost up to the initial value; as in the previous case 
she curves consist of a number of breaks. Now, with 4 c.c. of 
N-KF and 1 с.с. N-KBr (curve 43, Fig. 4) there is по initial fall, but 
the viscosity rises comparatively rapidly though discontinuously.” 
When 1 с.с. N-KOl is substituted for KBr that is with 4 о.о. М-КЕ + 
І с.с. N-KBr, the curve has no initial fall and is markedly steep and 
continuous (No. 27, Fig. 8). An examination of curves 7-12, Fig. 1 
shows that although the amount of КЕ is increased five fold, the 
atime curve shows an appreciable initial fall, is discontinuous and 
she viscosity does not rise beyond the initial value. 

From an examination of the results in Table I for эм (which 
Cenotes the percentage diminution of viscosity in the initial stage) the 
results in Tables ПІ and IV would appear to be deducible. For the 
same halide normality, the initial fall is greater with potassium fluoride 
than with potassium chloride, the influence of the bromide and the 
indide being intermediate. This is clear from the data for the 
initial fall quoted in the first vertical column of Tables ПІ and IV 
in which the normality of any one of the halides used, viz., КО], 
EBr, KI and KF was 0:08125 and 0'050 respectively. The data in 
the other vertical columns show the influence of substituting for the 
Falide in the first vertical column by that mentioned in the 
Eubsequent columns. 

Thus for example considering the first horizontal row in Table 
ТП, 7, due to 0:08195N-KOCl only is 1`84%. It is 1:85 when the 
coagulation is due to 0:02500N-KCl mixed with 0'00625 KBr 
(cf. curve 16). This result shows, therefore, the infiuenee of substi- 
tating KCl by 25% KBr. In precisely the same way, by comparing 
the results for a mixture of КОСІ and KF (cf. ourve 28) with that 
ootained when only KCl was used, the influence on 7„ of substitu- 
tng 25% of KCl by КЕ is obtained. The data in the second 
horizontal row show the influence on s, of substituting 2595 KBr by 
ЕС KI and КЕ. Table IV records similar results when the total 
halide concentration was higher, vig., 0'05№. These results show 
that nm increases by introducing KF in the halide mixture used as a 
coagulant. Conversely it is sean that wy, diminishes when KF ig 
partly or wholly displaced by any of the other halides. 
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In an attempt to correlate the above differences in the influence, 
of the halidea with some of their characteristic properties, the 
viscosity of their aqueous solutions would appear to be the first to 
suggest itself. For the order of the concentrations of the halides 
used in the present experiments, viz., N/8 to N/20, the viscosities 
of solutions appear to be practically the same as that of water (of. 

_ Landolt-Bornstein, 1928, Erster Band, pp. 160-61). At higher 
concentrations, however, the order is KI<CKBr<KCI<KF, the 
“effect of KF in increasing y being very markedly greater than that 
of any of the other three halides. The second factor to be considered 
is the concentration of the ions derived from the dissociation of 
each of the above halides. This is sufficiently indicated by their . 
equivalent conductivities (corrected for the viscosity). The order 
deduced from known data for the above quantity for the concen- 
trations used here (loc. cit., Zweiter Band, р. 1079) is KE<KCI<KI 
<KBr, The conductivity of the last three is approximately -the 
same, while that of KF is markedly lower. The failure to get a 
rapid rising 7-time curve with КЕ using concentrations more than 
twice that of any other halide might, therefore, be ascribed in part 
to its lower ionisation. One more factor to be considered in this 
connection and which very probably involves the two other men- 
tioned above, is the coagulative power. This is largely determined 
by the adsorbability of coagulator by the colloid, and therefore 
depends upon the nature of the latter. In the absence of relevant 
data, however, the case of colloid ferric oxide might be considered. 
The order ів KICK Br<KCl (cf. Freundlich, ‘‘Colloid and Capillary 
Chemistry," 1926, p. 421). The colloid power for the iodide being 
markedly less than those of the other two which are similar. This 
is in agreement with their influence on the viscosity change during 
coagulation as discussed already, 


It would appear to be almost a tacit assumption with colloid 
chemists that viscosity increases as a result of coagulation. Work 
now in progress in these laboratories shows, however, that this 
assumption is not warranted (Joshi and Nanjappa, J. Indian Chem. 
Soc., 1984, 11, 188). This is also seen from the y-time curves in 
Figs. l—4. In at least 30 out of the 45 coagulations examined, the 
viscosity does not rise beyond the initial value during quite an 
appreciable time. This together with the finding of discontinuities 
on the y-time curves would appear to invalidate the use of viscosity 
as a measure of coagulation at any rate in the slow region. 
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SUMMARY. 


1. The progress of coagulation in the slow region of the 
arsenious sulphide sol by solutions of KCl, KBr, KI and KF, and 
also of their mixtures in different proportions have been examined 
by measurement of 7, the viscosity by Scarpa’s method. 

2. It has been found that (а) the coagulation does not progress 
continuously with time, but occurs in a number of discontinuous 
stages marked by breaks on the y-time curves, and (b) that usually 
the first stage of the change is marked by a diminution of viscosity 
in the range 0% to 4% of the initial value. Both these features 
` disappear in rapid coagulations. The initial viscosity diminution 
and the discontinuousness of the w-time curve have been found to 
increase by increasing the proportion of KF in the mixture of 
potassium halides used as a coagulant. 

B. It has been also observed in a number of coagulatives that 
during quite an appreciable period of time, viz., about two hours after 
the start of the coagulation the viscosity of the mixture does not 
increase beyond the initial value, 
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Effect of Stirring on the Time Variation of Visco- 
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The following experiments were carried out in continuation of 
the work on the kinetics of the coagulation of colloids for some time 
in progress in these laboratories (Joshi and Viswanath, J. Indian 
Chem. Soc., 1988, 10, 829 ; Joshi and Menon, ibid., 1988, 10, 600; 
Joshi and Nanjappa, ibid., 1934, 11, 133). It is found that the 
progress of coagulation in the slow region followed by measuring », 
the viscosity of the coagulating sol, was marked by (a) discontinuities 
on g-bime curves, and (b) usually though not invariably by a fall in 
7 during the initial stages of coagulation. It is well known that one 
of the respects in which a colloid differs markedly from a molecular 
system is the possible influence on the former of such mechanical 
and allied conditions as the age of the sol, the mode of introducing 
the coagulating solution, its flow throughs capillary, shaking, etc. 
It was sought in previous work (100. cit.) to keep these factors cons- 
tant by adhering as far as practicable to a constant experimental 
procedure. For instance, the last of the factors mentioned above 
was kept constant by giving twice & rotatory motion to the mixture 
immediately after mixing. In view of the claims made by some 
workers (vide infra) that stirring has an appreciable influence on the 
rate of coagulation, it was considered desirable to make systematic 
experiments to estimate this factor, especially with a view to inves- 
tigate if the course of acoagulation is appreciably changed by stirring,- 
in respect of the two features observed previously, viz, (a) and (b). 


EXPERIMENTAL, 


The arsenious sulphide sol used in experiments a—g’ in Figs. 1, 
aud 2 was prepared by adding intermittently small quantities of a trj- 
turated solution of arsenious oxide to a saturated solution of hydrogen 
sulphide in water. The excess of HgS was removed by passing а 
current of hydrogen. The antimony sulphide sol (cf. curves h—m', 
Fig. 8) was prepared as recommended by Joshi and Prabhu (ibid., 
1981, 8, 11). It was dialysed for 12 days against repeated changes 
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of hot water and was found free of acid. The concentrations of 
both sols were determined by coagulating a known volume and 
weighing the dried coagulam (previously washed free of coagulator). 
The gol contents were 10°7 and 2°05 g. of Ав„8» and Sbg8, per litre 


respectively. 
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The measurements of viscosity were made by Scarpa’s method 
with modifications described previously (Joshi and Viswanath, loc. 
cit.). The temperature of the thermostat was maintained constant 
at 8640°1°. The suction applied was 26-+0°05 cm. in all the experi- 
ments. The other precautions and details of experimental procedure 
have been described in previous papers. The constant E of the ing. 
trument was found by observation of the times of rise and fall for 
water. 1 is expressed relative to that of water taken equal to unity. 
In order to study the effect of stirring, y-time observations were 
made with coagulating mixtures under as far as possible identical 
conditions with and without stirring. A hand regulated glass stirrer 
operating vertically and giving 80 strokes per minute was used. The 
stirring of the mixture was started 1°5 minutes before taking every 
n-observation, and continued for one minute. These 1-time obser- 
vations taken with and without stirring have been shown graphically 
by curves а’, b!,c!,..m! anda, b, c,...m respectively in Fig. 1-8. 
The coagulators used were differently concentrated solutions of KCl, 
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KHSO,, КРО, BsClg and Th(NO,), In order to prevent 
overlapping of the curves and also economise space, pairs of q- 
time curves in а given series of coagulations have been shown in the 
same figure using different origins. The units for the time and scale’ 
are the same in all the curves. 
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DiI8OUSSION. 


An examination of the foregoing curves shows that the influence 

of stirring on the variation of y, the viscosity of a coagulating sol is 
not appreciable at small concentrations of the coagulator. This ів 
in agreement with the results of Freundlich and Basu (Z. physikal. 
Chem., 1925, 118, 208), and of Freundlich and Kroch (ibid., 1926, 
124, 155) who have found that vigorous stirring causes coagulation, 
and moderate stirring has but small effect in the presence of low 
arnounts of the electrolyte. Freundlich and co-workers (loc. cit.; ibid., 
1928, 189, 868) also find that stirring accelerates coagulation at 
higher concentrations of the electrolytes provided they are absorbed 
strongly by the colloid; definite exceptions to this deduction were, 
however, noted in some cases when stirring sppeared to retard co- 
agulation. In the present experiments the mixture was stirred only 
for a short time before each measurements of viscosity. The last 
mentioned finding of Freundlich and co-workers applies in part to 
the present results in the sense that greater the electrolyte concen- 
tration, the greater is the divergence between the 7-ti me curves for 
coagulation with and without stirring (Fig. 1, cf. curves dd’; 
Fig. 8, Ah’, jj). It is also interesting to point out that with large 
concentrations of KCl and BaCl, the effect of stirring is to cause a 
general lowering of viscosity. The opposite, however, is the case 
with KHSO, (cf. Fig. 8, curves 47’, kk’). Whether this implies a 
like influence on the rate of coagulation is not certain in view of the 
results published already (loc. cit.) that а viscosity change might not 
necessarily be a measure of corresponding coagulation produced at 
any rate in the slow region. It was observed previously (cf. Joshi 
and Menon, loc. cit.) that the 1-variations show pronounced discon- 
tinuities when Th (NO,), is used as a coagulant. This obtains in co- 
agulations now studied with and without stirring (cf. Fig. 2). 

These results also show that in by far the majority of cases the 
effect of stirring is sensible only after the initial stages of coagula- 
tion. It is also of interest to observe that the occurrence of discon- 
tinuities on y-time curves, and of the fall of viscosity during the 
initial stages persist even after the stirring of the mixture, and that 
the magnitude of the last quantity is approximately constant. 
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Studies in Optical Rotation. Rotatory Powers of 
Acidyl-biscamphorquinonehydrazones and 
Camphorylthiocarbamylhydrazides 
and Attempts to Prepare _ 
Compounds Possessing 
Abnormal Rotation. 


Ву М. В. Korxis, B. Sanurva Rao anp P. C. GUHA., 
Section A. 


То an attempt to correlate the effect of chemical constitution with 
optical rotatory power, Frankland -(J. Chem. Soc., 1912, 101, 604) 
has observed that molecular rotation of a homologous series changes 
gradually until a maximum is reached and then declines or remains 
constant. Hilditch (J. Chem. Soc., 1909, 98, 1578) found that in the 
menthyl esters of the aliphatic dibasic acids, there is a decrease of 
rotation in passing from the firat to the second and after that an 
increase up to the fifth (adipic); whereas, in the ease of the brucine 
salts the value goes on increasing up to the third and from there 
decreases via fourth up to the fifth (Table I). The anomalous 
rotetion of the oxalic acid derivatives, particularly in the brucine salt 
series, is probably due to the contiguity of two carboxylic groups. 
Evidently, Hilditch’s results are not in conformity with Frankland’s 
observation and hence it seemed desirable to follow up the study 
of the dibasic acids further. 

As the menthyl esters and the brucine salts of these acids have 
been examined by Hilditch (loc. cit.), it seemed desirable to study 
an entirely different class of derivatives of these acids and compare 
the results with those obtained by him. Besides the camphorquinone 
derivative of the five hydrazides—oxalic to adipic, three more vie., 
those of earbo-, terephthalic and tsophthalic have also been prepared 
for the sake of comparison. Table I gives the values of [в] коз 
and [М] 5зэз for24 and 5% solutions of the menthyl esters and 
brucine salts as observed by Hilditch while the values for [a] .and 
[M] now obtained for acidyleamphorquinonehydrazones with both 
green and yellow mercury lines, are given in Table IT, = =... + 
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TABLA I. 
KFMenthyl esters Brucine salts 
Acid. 2'5% 5'0% 609, 9-536 
—— ——— 
[а]. [М]. [а]. [M Ip. falp. [Ml» felon. [М]. 
Oxalic —108'4 —878'4 —104'0 —880°6 8:0 20'3 2'8 24-6 
Malonios  —70'04 —8098 70:24 В 50276 470'6 6876 470°6 
Suceinio  —89'40 —884'6 -—81:90 —322'7 65°80 591°6 6419 580'9 
Gluterio —80°16 — 89721 --8020 —820°8 50°62 465°8 50°40 4044 
Adipio —88:60 —859:8 —88'80 —858°6 42°80 3999 4200 8978 
Tasua II. 
Camphorquinone М. р. [a],. [M], [a], [M],. Disp. coeff. [M],/[M],. 
hydrazones. 
Carbo 22°5° 286°6 1108 3844 1990 117 
Oxalic 249 250'1 1060 0986 1987 1°18 
Malonie 185 251'8 1075 8701 1165 1°08 
Buccinic 975 = a Дый ah ee 
Glutario 219 218°7 9708 2619 /1186 1°22 
Adipio 220 1954 9147 9807 / 1990 1:88 
Ета. 1. Fra. 2. 
Sp. Rotations of acidyl Mol. Rotations of асіауі 
biscamphorqutnone- biscamphorquinone- 
hydrazones. hydrazones. 
зи 
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i : 
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It will be observed from Table IT ав well аз from Fig. 1 that the 
specific rotations of the different substances fall sharply from carbo. 
biscamphorquinonehydrazone to the corresponding oxalic compound 
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and shen gradually decrease slong the series. This is rather 
contrery to Hilditch’s observation of & second maximum with the 
adipic compound. Coming to the molecular rotation, however, 
the csse is nob so simple (cf. Fig. 2), because the malonic compound 
has а higher molecular rotation than the oxalic for the yellow light. 
Similerly, the glutaric derivative just exceeds the corresponding 
malorie compound in Ив molecular rotation for the green light. It 
was rether unfortunate that the succinic hydrazide should have yield- 
ed an insoluble compound, ita rotation thus remaining unascertain- 
ed; th» general fall in the specific as well as molecular rotation is, 
hcwever, quite distinct. The molecular rotations as observed in 
this series go to support Frankland’s view. 

Tae dispersion coefficient varies between 1°08 and 1:88. The 
use of these data for the calculation of the dispersion curves of 
optically active compounds of a homologous series has been recorded 
by Hazenback (Z. physikal. Chem., 1915, 89, 570). The constan- 
oy of the coefficient of dispersive power was observed also by 
Rupe (Annalen, ' 1915, 409, 827) who obtained ор [о =2°31 for 
methy-enecamphors of the type 


In order to determine the effect of concentration on the specific 
rotatioa and rotatory dispersion, the rotation of carbonyl-biscam- 
phorquinonehydrazone under various concentrations have been 
studied. The choice of the carbohydrazide derivative for this purpose 
is only due to its yielding fairly soluble compounds with both cam- 
phorquinone and camphory!] mustard oil, 


TABLE ll, 
Efect of concentration on the rotation of carbonyl-biscamphor- 
quinonehydrazone. 
С. in 10C c.c, [a],. [M]; [a],. [M],. Dispn. ooeff. 
: = [21,/[a], 
Q*049£ 81860 1220 406°2 1568 1°29 
0088€. 81670 1220 895°0 1626 1'25 
0:188C 819°6 . 1284 8886 1480 1'90 : 
01778 818°8 1280 815°@ 1448 1'18 


0°2216 820'4 1287 8684 1408 1°18 
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Fie. 3. 


Coneanénation 


800 850 


Ohange of specific rotation with 
*Goncentration. Carbonyl-biscamphor- 







quinonebydrazone in alcohol. 


- From Table III it will be 


observed that the specific 
rotation gradually drops with 
increasing concentration for 
the green light (Fig. 3), 
with the yellow light ib is, 
‘however, fairly constant. 


Section В. 


In section A, the various 
observations made about the 
optical rotatory power of 


- eamphorquinonehydrazones 
— (D of the dibasic acids have 


been desoribed. In this part, 
it is proposed to take up 
another seb of compounds 


viz., the camphorylthiocarbamyl hydrazides (1) of the same acids, 


X=(CH,), orO,H,; R= 


-CO—NH—N=R 
x4 


CO—NH—N-R . 


(1) 


X 


CO—NH—NH—C8—NH—Y 


/00—NH—NH—O08 - NH -Y 


: -0H | 
| eB si Y= | | DLA: 
| OC 


Ав there are two sulphur atoms attached. to two carbon atoms in” the 
chain between the camphor and the dibasic acid residue it was expect- 
ed to exert some influence on the rotatory power of these compounds. 
A study of the optical rotatory powers of compounds of this series 
and & comparison with those already obtained for the corresponding 


camphorquinonehydrazones has, therefore, been made. 


ME! 
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TABER ГУ, 


Biecamphorylthiocarbamylhydrasides. 


[M ],. 


143'8 
1629 
168°9 
224°0 


119 


Biscamphoryl- . А 
thiocarbamyl М. p. [a],. 
hydrazides 

Carbo 208° 98°2 
Oxalic 94b 804 
Malanic 185 29°8 
Buceinio Б 8977 
Glutario 900] — 124 
Adipic 907 884 
Ета. 4. - 
Specific rotation of biscam- 
оиын 
кнн 


Speaifle nad ation => 


0. О. 


М. 





-B G. ‘А. 


1 


" 4 
Mo fecu lan pobation — 





spn. coeff. 


[a]; [M]; uf, /[M],. 
82:0 16{1 - 117 
507 271'7 1°67 
5077 278°9 1°70 
505 9848 97 
186 107% 1:50 
404 9510 1°27 

Ето. 5. 

Molecular rotation of biscam- 

‚ phorylthiocarbamyl- 


hydrazides, 


— - — 
^ 


Table IV-gives the values for the "E and molecular rotations as 
well as' rotatory ‘dispersion dnd dispersion coefficients of these 
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compounds. The first point that strikes one is the lower rotatory 
powers of these compounds compared with those of the camphorqui- 
nonehydrazones, This is not peculiar to these series of compounds 
alone, it being well known that introduction of a sulphur atom 
in the camphor derivatives generally lowers the rotatory power 
of the compound to a very great extent (J. Chem. Soc., 1905, 87, 
115; 1907, 91, 1886; J. Ind. Inst. Bci., 1927, 10A, 88). Ав 
seen from Fig. 4, the specific rotation curve of these compounds is 
anything but regular. Рог the yellow light, the curve rises a little 
from the carbo to the oxalic hydrazide but again declines to a slight 
extent for the malonic compound. The specific rotation then jumps 
up in the case of the succinic followed by а” steep decline for the 
glutaric hydrazide. Finally with the adipic compound the curve 
again rises up, the specific rotation assuming a value in the 
neighbourhood of those for the first two members of the series. This 
alternation is also observed in the case of the melting points of these 
hydrazides. With the green light, however, the specific rotation 
rises steeply from carbo to oxalic and is practically constant for 
oxalic, malonic and succinic compounds though the rest of the curve 
runs parallel to that for the yellow light. The curves for the mole- 
cular rotation (Fig. 5) are more or less similar to those for the 
specific rotation for the corresponding light. Thus it will be seen 
that the curves for the specific or molecular rotation of the biscam- 
phorylthiocarbamylhydrazides show practically no similarity with 
those of the corresponding camphorquinonehydrazones. This can 
be attributed mainly to the presence of sulphur atoms in the com- 
pound. The values for the dispersion coefficient for the compounds 
fluctuate between 1°70 to 1°27, 


TABLE У. 


Effect of concentration on rotation: Biscamphorylthiocarbamyl- 


carbohydraside., 
Dispn. coeff. 
G. in 100 c.c. [a]. (M],. [],. [M),. [а], /[a],. 
0'0425 — == 29'5 1194 
0*0850 213 . 1076 37°4 1892 c 1'15 
01275 247 . 1955 28:6 1458 1°16 
01700 264 184°2 ` 8072 1584 7 114 


02195 689 — 1497 329 1005 _ 117 
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Table V contains the values obtained for the specific rote- 
tion of biscamphorylthiocarbamylcarbohydrazide with solutions of 
various concentrations. The 
curves for the same (Fig. 6) 
run practically parallel to one 
another. Moreover, the rotation 
increases with concentration in 
agreement with Hilditch’s ob- 
servation vta., the specific rota- 
tions of the menthy! esters and 
brucine salts of the oxalic acid 
series are greater for a 5% 
solution than for a 2'5% solu- 
tion. This forms another point 
of contrast between the cam- 
phorquinonehydrazones and 






2625 


Concantinakion — 


м а в ii eamphorylthiocarbamylhydrazid- 

| m ев (cf. Fig. 8). Coming to the 

Саш о eemphorylibioearbaml- ^ «question of the dispersion co- 
carbohydrazide in alcohol. efficient it will be observed 


that 16 is practically constant for the solutions of all concentrations. 
Ав the solutions of camphorylidenecarbohydrazide reveal the same 
fact, 16 might be safely deduced that the dispersion coefficient has 
8 constant value for any particular compound. 


Section C, 


In this laboratory, Patel and Guha (J. Indian Chem. Soc., 1984, 
41, 87) have prepared 1:4-naphthylenebisiminobenzylidene-imino- 
camphor containing 17 double bonds and having [M]» =22000°. 1 
was sought to extend the work further by preparing a few more com- 
pounds likely to possess high molecular rotation. The following 
compounds, visz., (a) camphorquinonehydrazone of benzaldeyde-p- 
iminocamphor, (Б)  terephthaldiamido- bis - phenylene-4 : 4 - imino- 
camphor, (с) 9:10-phenanthraquinol-2:7-bisiminocamphor, (d) cam- 
phoriminonaphthalene- 4- azo-p-camphoriminobenzene, (в) 1:1'.di- 
naphthylurea-4:4/-bisiminocamphor, possessing all ог most of the 
characteristics required for abnormal rotation (cf. Forster and Spinner, 
J. Chem. Soc., 1919, 118, 889) were expected to show high molecular 
-rotation, 
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~ 


ERE | «C E | 
R=N-N=CH-C,H,-N=R (В= m ... (à) 


R:N—C,H,—NH—CO-O;,H,—-CO—NH-O,H,—N:R .. (b). 


neN-( »—( »-N-R " " ... (6) 


HO OH 
R=N—C,,Hg-N=N—C,H,—N:R "m eae wee (d) 
CO(NRH-C, 9Hq'N:R)a s ee ... (e) 


Difficulties were encountered in the preparation of most of these 
compounds. The preparation of (a) from  p-camphoryliminobenzal- 
dehyde or from camphorylhydrazone of p-aminobenzaldehyde was 
not possible as neither camphorquinone nor its hydrazone condensed 
with p-aminobenzaldehyde due perhaps to the latter being polymeris- 
ed (Walther and Mausch, J. pr. Chem., 1897, 66,102). The hydrolysis 
of the acetyl group of p-acetaminobenzylidene camphorquinonehydra- 
zone (I), prepared as follows: : 


R=N—NH, T OCH-CG,H,'NHAoc—» 
R=N—N=CH'C,H,‘NHAc (I) 


could not be effected with dilute alkali, p-acetaminobenzaldehyde 
and camphor being obtained; with dilute acids, the products being 
azocamphanone and p-aminobenzaldehyde. 

The preparation of the diamine by de-acetylating terephthalyl- 
bis-p-acetphenylenediamine, (П) was not possible as during de-acetyla- 
tion the molecule broke up into terephthalic acid and p-phenylene- 
diamine. Attempts to reduce terephthalyldi-p-nitroaniline (III) or 
di-p-azobenzene-terephthalyldiamide (IV) to obtain the same amine 
also failed. 

2:7-Diamino-9:10-phenanthraquinol required for compound (с) 
was prepared according to Kessman and Wense (Ber., 1885, 18, 2169) 
but neither this nor aminonaphthalene-4-azo-p-aminobenzene required 
for the preparation of (d) could be condensed with camphorquinone. 

The hydrochloride of pp-diaminodinaphthylurea (VI) obtained by 
reduetion of the corresponding dinitro compound (V) which was in 
its turn obtained by condensing 1:4-nitronaphthylamine with phenyl 
carbonate, gave with potassium cyanate, the expected dicarbamido- 
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dinsphthylurea (VII). The condensation of the hydrochloride with 
camphorquinone, though tried under varying conditions of experi- 
merts, gave only a brownish tarry resinous mass from which the 
resinous compouud (e) could not be isolated. | 


O,H,(CO-NH-C4H,"NHAo) ^ OS4H,(00-NH:04H,NOj), - 
(I1) ` | (II) 


 C,HQ(CO-NH-C,H,'N:NPh), ^ CO(NH-C; Ha МО,» 
(IV) | (V) 


CO(NR:O, H,'NH), . CO(NH:0, 4Hg-NH:CONB3), 
(VI) (VIT) 


EXPERIMENTAL, 
Section А. 


"The dihydrazides of oxalic, malonic, succinic, glutaric, adipic, 
terepathalio and isophthalic acids were prepared by the action of 
hydrazine hydrate on their ethyl esters. Carbohydrazide was prepar- 
ed by the action of hydrazine hydrate on phenylearbonate (Cazeneuve 
and Moreau, Compt. rend., 1899, 129, 1255). The camphorquinone 
compounds of the dihydrazides were readily obtained by heating con- 
centrated aqueous solution of the former with an alcoholic solution 
of the latter on в water-bath for 2-4 hours. The camphorylidene 
hydrezides are generally pale yellow compounds, sparingly soluble 
in aleohol, much less soluble in other organic solvents. 

symCarbobiscamphorquinonehydrasone | (R:NC'NH-CO'NH-N : В). 
—QCarbohydrazide (1°5 g., 1 mol.) was dissolved in water (5 c.c.) and 
mixed with a solution of camphorquinone (5'5 g., 2 mol) in alcohol 
(25 с.с.) and the mixture heated оп a water-bath for 4 hours. The 
precipitate obtained on dilution with water was crystallised from 60% 
alcohcl in pale yellow needles, m.p. 225°, yield 8 р. (4895). (Found: 
М, 147. Co,H39O03N,4 requires М, 14°51 per cent). 0°1047 G. of 
the substance dissolved in 60 c.c. of 95% alcohol gave a rotation 
of 1'Z (yellow) and 1°40 (green) ina 2 dem. tube. Hence [a],= 
986°6° and [a] ,=884'4° and [M], =1106, [M], —1290. 

symOzalyl-biscamphorquinonehydrazone (В: NCNH— CO—CO— 
NH~—N=R).—Oxalylhydrazide (2 g., 1 mol), dissolved in a little 
water, was added to a solution of camphorquinone (5:6 g., 2 mol.) in 
alcohol. Тһе pale yellow precipitate formed on heating the mixture 


д 
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for 2 hours was recrystallised from alcohol, m.p. 249°, yield 6'6 в. 
(72%). (Found: N, 18:20. CogH,,0,N, requires N, 18'5 per cent). 
0°1172 G. of the substance in 60 c.c. alcohol showed в rotation of 1:2? 
(yellow), 1:4? (green) in а 2 dom. tube. Hence [e],=256'1°, 
[o], 298:6? and [М], ==1060°, [M], 21287. 
Malonyl-biacamphorquinonehydrasone (I, X= OH, ) .—Malonio 
hydrazide (2:0 g.) and eamphorquinone (5'0 g.) gave в pale yellow 
powder (4 в. or 57%), m.p. 186°. (Found: N,18'4. CgsHs,0,N, 
requires №, 18°08 per cent). 0:1194 G. of the substance in 50 o.c. 
alcohol showed a rotation of 1:2? (yellow) and 1:8? (green) in a 2 dem. 
tube; hence [a], =251'8, [a], - 272:1 and [M], —1075, [M],=1165. 
Succinyl-biscamphorquinonehydrazone [I, X=(CHg),|—Succinic 
hydrazide (2 g.) and camphorquinone (4 6 g.) gave 5°5 g. (90%) of a 
product which was very sparingly soluble in all organic solvents. It 
was purified by washing with water and boiling alcohol, m.p. 275°. 
(Found: М, 12°83. C0 5,H3,0,N, requires №, 12°7 per cent). As the 
substance is very difficultly soluble, its optical rotation could not be 
determined. | | 


Glutaryl-biscamphorquinonehydrazone |І, X= (CH), ].—Glutario 
hydrazide (2g.) and camphorquinone (4'1 р.) yielded 4 р. (67%) 
of the product which recrystallised from alcohol, m.p. 219°, (Found: 
М, 12'1. C95H440,N, requires ЇЧ, 12:28 per cent). 0°1058G. of the 
substance showed a rotation of 0:90? and 1'1° for yellow and green 
light respectively in a 2 dom. tube and 60 c.o. alcohol; hence 
[a],=218°7, [o], =261'2 and [М],=970'8, [M], =1186. 

Adipyl-biscamphorquinonehydrasone [I, X=(CHg),| obtained in 
£0% yield from adipic hydrazide (1 mol.) and camphorquinone (2 
mol.) recrystallised from dilute alcohol, m.p. 220°. (Found: М, 11°8. 
СавНзсО, №, requires №, 11:91 per cent). 0°1151 G. of the substance 
dissolved in 50 в.в. aleohol showed in a 2 dom. tube a rotation of 0°94° 
and 1:2? for yellow and green light respectively. Hence [o],=195°4, 
[a],=260°7 and [M],=914°7, [M], =1220. 

Terephthalyl-biscamphorquinonehydrazone (I, Х=С.Н.) was pre- 
pared from terephthalic hydrazide and camphorquinone, m.p.- 279°, 
(Found: М, 11°69.C,.,H;,0,N, requires №, 11:48 per cent). The 
substance being insoluble, its rotatory power could not be determined. 

isoPhthalyl-biscamphorquinonehydrazone melted at 274° after 
repeatedly boiling with sleohol and water. The rotation could not 
be determined owing to the sparing solubility of the substance. 


-a 
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Section B. 


Camphorylthiocarbamylhydrazides obtained from сашрһогу1 
mustard oil and the hydrazides as white precipitates are generally 
mixed up with some unreacted camphoryl mustard oil from which 
they could not be easily freed by crystallisation. The best method, 
is, however, to dissolve these products in a little alcohol and 
precipitate fractionally by water, the highest melting fractions after 
one or two crystallisations giving the pure product. They are all very 
sparingly soluble in solvents like benzene, chloroform, ete. but are 
fairly soluble in alcohol which furnished a good medium for optical 
measurements. The specific rotations are much lower than those of 
the corresponding camphorquinonehydrazones. 


Carbonyl-biscamphorylthiocarbamylhydraside [ СО(МН`МН'ОВ. 
NHY) ].—A mixture of carbohydrazide (1 mol.) dissolved in a little 
water and camphorylthiocarbimide (2 mol.) dissolved in alcohol was 
heated on в water-bath for 4 hours. The precipitate obtained on 
cooling melted at 155° while the mother liquor yielded on dilution 
with water a precipitate which was crystallised from alcohol in silvery 
plates, m.p. 208°. (Found: М, 16°18. Cg3Hs,03,N 8.5 requires М, 
16:54 per cent). [«],—28 2, [«],—82:9 and [М],=148:2, [M], 
—107'1.) 


- Oxalyl-biscamphorylthiocarbamylhydraside CO:NHECNH:.CS8 NH: Y 
; |' 

- CONH:NH C8: NH-X 

The precipitate obtained from the reaction mixture on cooling and 
diluting with a little water melted at 281°, the mother liquor yield- 
ing on further dilution, a precipitate, m.p. 200-05°. The first fraction 
was recrystallised from boiling alcohol in silvery plates, m.p. 245°. 
It is sparingly soluble in alcohol. (Found: М, 15°8. С.Н. О.М Во 


requires N, 15°7 per cent). [o],=380°4, [a],=50°7 and [M], 
169 9, [M],=271°7. | 


Malonyl-biscamphorylthiocarbamylhydraside (II, X 2 CHg).—The 
‘precipitate obtained on cooling the reaction mixture after 4 hours’ 


.- heating melted at 162°. The mother liquor yielded on successive 


dilution two products, m.p. 151? and 188° respectively, the latter on 
recrystallisation melted at 185°. A further quantity was obtained by 
redissolving the fractions, m.p. 162° and 151° in little boiling 
alcohol and rejecting the unreacted camphoryl mustard oil which 
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crystallised first; the mother liquor contained the required compound. 
(Found: N, 16:01. CgsH,,0,N,8_ requires N, 15°27 per cent). 
[a] ,=29°8, [a], 2: 5077 and [M], =168:9, [M], — 278 9]. 


Succinyl-biscamphorylthiocarbamylhydraside (O, X«(CHg)s].— 
The product was obtained by precipitating the reaction mixture 
with water, m.p. 170°. Оп reecrystallisation from dilute alcohol 
it was obtained in silvery plates, m.p. 176°. [Found: N, 14°7. 
CasH4o0O4NeS3 requires М, 14:89 per cent) [@],=89°7, [e], 
=50°5 and [M],=224°0, [M],=284'8]. | | 


Glutaryl-biscamphorylthiocarbamylhydraatde [I1, K=(CHg)3] was 
obtained from the mother liquor of the reaction mixture by dilution 
with water, the crude product melting at 195-98°. The pure com- 
pound was obtained by once erystallising from dilute aleohol in light 
silvery plates, m.p. 201°. (Found: N, 14°66. Co7H490.Ne8e 
requires N, 14°58 per cent). [a],=12'4, [a], 18:6, [M],=71°7°, 
[M], =1075. | | 7 


Adipyl-biscamphorylihiocarbamylhydrazide [П, Х=(ОН»),] being 
moderately soluble in alcohol remains in the mother liquor of the 
reaction mixture and is obtained by precipitating with water. The 
crude product, m.p. 200-208°, on reorystallisation from dilute alcohol, 
gave the pure compound ав silvery white plates, m.p. 207°. (Found: 
N, 148. CggH4,04Ne8 requires N, 142 per.cent). [a], —88 4, 
[a] ,=42°4, and [M],-197'7, [M], — 2510. 


Action of terephthalyl and isophthalylhydrazides with camphoryl- 
isothiocyanate.—The reaction products melted at 169° and 206° 
respectively. As they were almost insoluble in aleohol and other 
solvents, their rotatory power could not be determined. 


Section C. 


p-Acetuminobensylidenecamphorquinone-a-hiydragone ' (1). — An n- 
timate mixture of p-acetaminobenzaldehyde (16 в.) and camphorqui- 
none-a-hydrazone (18 g.) moistened with a little amyl alcohol was 
heated at’ 180° in an oil-bath for 8 hours. The reaction product 
crystallised from alcohol in shining golden yellow needles, m p. 282°, 
yield 25 g. The substance is insoluble in water, more soluble in hot 
alcohol and sparingly soluble in benzene and chloroform. (Found: 
_C,.70°27; Н, 7°48; N, 12°85. C 19H _,0,N3 requires О, 70°15; Н, 7707; 
N, 12°92 per cent). The substance (0°2504 g.) dissolved in absolute 
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alcohol (100 е.в.) gave a rotation of 0'12° in а 5 бш. tube. Hence 
[2] —95:85? and [M], =311:6°. 

(2) The ozime crystallised from alcohol in yellow rectangular plates, 
m.p.188?. The substance (0°1501 g.), dissolved in 95 % alcohol 
(100 c.c.), gave а rotation of O'41? ina 6 em. tube. Hence [e], 
=546:8 and [M], —1858:0. (ii) The semicarbasone crystallised in 
fine silky needles from alcohol, m.p. 195°. The substance (0'0976g.) 
dissolved in 96 9% alcohol (100 с.с.) gave а rotation of 0:05? in a 5 
em. tube. Hence [2]. =102`4 апа [M], =891'4. (iii) The phenyl- 
hydrazone crystallised from dilute aleohol as pink leaflets, m.p. 205°, 
The substance (0°1198 р.) in 95 % alcohol (100 в.в.) gave в rotation of 
0'09° ina 6 em. tubs, hence [0], =150°9 and [M], =626°2. 


Hydrolysis of the hydrazone by potassium hydroxide solution gave 
p-acetaminobenzaldehyde (oxime, m.p. 207°) and camphor. 

Hydrolysis with dilute hydrochloric acid or dilute sulphuric acid 
gave shining plates, m.p. 219° identified to be azocamphanone, 

terePhthalyldi-p-acetphenylenediamine (IL).—To а solution of 
monoacetphenylenediamine in a little glacial acetic acid, theoretical 
quantity of ierephthalyl chloride was added gradually when the 
solution became warm and & small quantity of a precipitate separated. 
On heating the mixture for 1 hour af 120° а pasty mass was obtained 
which was neutralised with sodium carbonate and on being boiled 
repeatedly with water, gave an amorphous ash-coloured powder 
insoluble in all the organic solvents, m.p. 850°, (Found: C, 64:0; 
Н, 6:0; М, 129. Cg4He,04N, requires C, 65:85; H, 6:12; М, 18:0 
per cent). 

terePhthalyl-di-p-nitroanitline (ILI).—A mixture of terephthalyl 
chloride (1 mol.) and p-nitroaniline (4 mol.) was heated on a water- 
bath for an hour in presence of benzene. Тһе heavy precipitate was 
filtered and freed from nitroaniline hydrochloride by washing with 
water. The residue on boiling with alcohol left a yellow amorphous 
powder insoluble in all the organic solvents, m.p. 295°. (Found: М, 
140. Co oH ,40gN, requires N, 18'8 per cent). Isolation of the 
pure diamine by reducing this compound has not been successful. 


terePhthalyldiaminoazobensene (IV).—A mixture of terephthaly] 
chloride (7'5 g.), p-aminoazobenzene (29:0 g.) and benzene (500 o.c.) 
was heated for 1 hour. An amorphous orange yellow powder was 
obtained by repeatedly washing the product with water and alcohol. 
It does nob melt even at 825°. (Found: М, 15°99. Cg4Hg,OgN, 
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requires N, 16°08 per cent). This compound could not be reduced 
by tin and hydrochloric acid to the desired diamine. o 

Action of 2:7-diaminophenanthraquinol on camphorquinone.—2 : 7- 
Dinitrophenanthraquinone was prepared according to the method of 
Schmidt and Kampf (Ber., 1908, 86, 8789) which was found to be 
preferable to the methods of Werner (Annalen, 1902, 824, 386) and 
Graebe (ibid., 1878, 167, 143). It was reduced to 2:7-diaminophenan- 
thraquinol by the method of Kleemann and Wense (Ber., 1886, 18, 
2169). The following modifications in the method, however, were 
adopted with advantage: Tin and hydrochloric acid were used instead 
of stannous chloride and hydrochloric acid as it hastened the reaction 
and the solution of the tin double salt wus concentrated before removing 
the tin by hydrogen sulphide thus avoiding the oxidation of the amine 
during concentration. The amine did not condense with camphor- 
quinone. f | 

4 :4- Dinitrodinaphthylurea (V).—1 : 4-Nitronaphthylamine was pre- 
pared by nitration of a-acetnaphthalide (Lellmann and Remy, Ber., 
1886, 19, 797) and the separation of the 4-nitro compound effected 
according to Morgan and Micklethwait (J. ‘Chem. Soc., 1905, 87, 
928). 1:4-Nitronaphthylamine (14 g.) was intimately mixed with an 
equal weight of phenylcarbonate and heated in an oil-bath for an hour 
at 190° and at 210° for one hour more. The unreacted phenyl 
carbonate and the phenol formed during the reaction were removed 
by washing with CCl,, the insoluble yellow amorphous powder was 
purified by repeatedly boiling with alcohol, m.p. 275°. (Found: С, 
62°7; Н, 41; М, 14°08. C,,H,,0,N, requires C, 6277; Н, 87; М, 
18°98 per cent). 

4:4!-Diaminodinaphthylurea (VI).—Dinitrodinaphthylurea (10 g.) 
was heated under reflux with strong hydrochloric acid (100 o.c ) and 
granulated tin (68:0 р.) for 6 hours, when almost all the tin went into 
solution and in place of the yellow dinitro compound a flocculent 
white precipitate remained suspended in the liquid. After cooling the 
white precipitate was separated by filtration and purified by orys- 
tallisation from a large volume of water as shining plates. It left 
inorganic residue on incineration and was the stannous chloride 
double salt of diaminodinaphthyluresa, hydrochloride. - (Found: N, 6^9. 
C.,H1,0Ns, 2HCI, 28nClg requires N, 7*0 per cent). 

The tin double salt was freec from tin by passing hydrogen 
sulphide repeatedly in a solution of boiling dilute hydrochloric acid, and 
the tin-free solution evaporated to dryness in a vacuum when a white 
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crystalline hydrochloride was left. This, however, on exposure to air 
rapidly turned pinkish, m.p. above 800°. (Found: N, 11'7.% 
Cg,H,,ON3, 2HCI requires N, 18'5 per cent). 

Dicarbamidodinephthylurea (УП).—То an aqueous solution of the 
hydrochloride of (VI, 8 в.) was added an aqueous solution of 
potassium cyanate (1:5 g.) under ice-cooling, and the separated 
dicarbamido compound erystallsed from water, m.p. above 800°, 
(Found: N, 20°16. С..НооО.Мз requires М, 19°63 per cent). 

Action of  diaminodinaphthylurea with camphorquinone.—A 
mixture of the hydrochloride of diaminodinaphthylurea (2 g.), 
sodium acetate (1°6 в.) and camphorquinone (1'6 в.) was heated 
under reflux in an alcoholic suspension for 8 hours when a dark 
viscous tarry mass separated. Though the desired camphorguinone 
condensation product (Cale. N, 8'7 per cent.) could not be isolated 
a yellow crystalline compouud, m.p. 185°, was obtained from the 
tarry reaction product by repeatedly precipitating it with petrol 
from benzene solution and then crystallising from a large volume of 
petrol (Found: М, 6:8 per cent. [a], =-+0°48°) 


DEPARTMENT OF OBGANIO ÜHEMISTRY, 
INDIAN Тувтгготв oF BOIBNOR, . . Received February 6, 1984. 
BANGALORE. 


* The low value of nitrogen is evidently due to the presence of some stannous 
chloride double salt which could not be completely removed though HgS was passed 
for more than one dozen times. 


Synthesis and Structure of Dipropionylacetone 
and of Di-n-butyrylacetone. 


` By В. В. DassBAPANDE, Y, V. DINGANKAR AND О. М. Кори, 


Collie’s structure of diacetylacetone (I) as against the open- 
chain ketonie or enolio structure, is based upon facts such ав: — ` 


OH OH 
| | 
HO/ | Мон нс “сн 
[| О | or | | 
Me'O0 | CMe Me’ C'Me 
No О 
| 
н ӧн 
(I) 


(а) Absence of ketonie reactions in the compound.  (Oollie, 
J, Chem. Koc., 1904, 88, 971). 
| (b) Inequivalence of the two replaceable hydrogen atoms in it. 
(Collie and Reilly, J. Chem. Soc., 1021, 119, 1550). 

This structure is also supported by the value of its molecular 
refraction determined by Homfray (J . Chem. Soc., 1905, 87, 1451), 
which does not agree with the open-chain structure. 

To throw more light on the structure of diacetylacetone if was 
thought desirable to synthesise and study the higher homologues namely 
dipropionylacetone and di-n-butyrylacetone from diethylpyrone and 
di-n-propylpyrone respectively, synthesised by one of us (J. Indian 
Chem. Soo., 1982, 9, 808). These compounds to which the structures 
(II) and (IIT) respectively may provisionally be given were obtained 
from the corresponding pyrones as in the preparation of diacetyl. 


acetone. 
ET О О 
| | Do 
: / EN 
| JON 
у 3€ qm HO CHg 
CEU 
Et'OC CO" Et PrO СОтРг 
(IT) (ILT) 
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The compound (П), when freshly distilled, is a yellow liquid which 
slowly changes into red one, this change being accompanied by 
change in refractive index and structure. The change is much slower 
than in the саве of diacetylacetone. . The yellow and red forms may 
be called the a- and 8- form respectively. The £- form changes back 
into thé «- form.on distillation. The two forms give different seta of 
reactions. 


The compound (III) is a brownish Уа liquid апа when pure . 
does not seem to undergo a change in its refractive index. 


By the action of phenylhydrazine on dimethylpyrone carboxylic 
acid Feist and Bellart (Ber., 1895, 28, 1817) obtained a yellow solid 
having the composition C},H,,ON, and a white solid СНМ. 
They considered the yellow solid to be the diphenylhydrazone of 
diacetylacetone. This was later prepared by Collie from diacetyl- 
acetone itself (J. Chem. Soc., 1029, 191; 1984) but was found to have 
the composition CioHgoN4 which cannot be that of a diphenylhydra- 
zone. Collie did not investigate the structure of this compound. 


Dipropionylacetone and di-n-butyrylacetone were treated with . 
phenylhydrazine, but the reaction products were viscous liquids from 
which no definite compounds could be isolated. | 


“The use of p-nitrophenylhydrazine in place of phenylhydrazine 
gave unexpected results. One molecule of the a-form of dipropionyl- 
acetone reacts with 1 molecule of nitrophenylhydrazine with elimina- 
tion of 2 molecules of water and formation of a compound 0,;,H,7,N;03 
thelting at 78°. The £- form fails to produce this compound. 
One molecule of it, hawever, reacts with 2 molecules of nitrophenyl- 
hydrazine and gives with elimination of 8 molecules of water a 
compound, C44 Ha40,N, melting ab 164^, 


By the action of the barium salt of dipropionylacetone (1 mol.) 
and nitrophenylhydrazine hydrochloride (2 mols.) в third compound 
was obtained (m.p. 141°) having the composition Cg, H5,O04Ng 
which is that of a dinitrophenylhydrazone. | 

None of the compounds melting at 78° and 164° can be в, true 
phenylhydrazone as in their formation the number of water molecules 
eliminated exceeds the number of nitrophenylhydrazine molecules 
reacted by one. This additional molecule of water must obviously 
come from the ketone, s process which will result in ring-formation. 


(IV) or (V) are, therefore, the possible structures of the compound 
melting at 78°, 
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N—NH‘C,H, NO, О 
Il |] ` 
С 
N JN 
HC бн HC бн 
| Г | 
ЕС CEt ЕГО P. Et 
N—NH'O,H,'NO; 
(IV) К (V) 


(IV) is nitrophenylhydrazone of diethylpyrone, a compound 
whieh has nob so far been obtained from diethylpyrone itself (J. 
Indian Chem. Soc., 1988, 9, 808). (V) is N-nitrophenyliminodiethy]- 
pyridone. Тһе possible structure of the compound melting at 164° is 
(VI) which is that of the nitrophenylhydrazone of (V). 


N—NH'C o HA МО, 
- H 
C 


od N 
HC CH 
п Ш 
EtO СЕ 


NZ 
N RA NHC aH МО, 
(VI) 


The structures are finally confirmed as follows. The compound 
melting at 164° behaves like a pyridone. 15 is a mono-acid base and 
forms a hydrochloride and a chloroplatinate. It also behaves like a 
phenylhydrazone. On hydrolysis- it gives the compound melt- 
ing at 78°. Both these reactions are in agreement with the 
structure (VI). As regards the compound melting at 78° the follow- 
ing facts prove that its structure is (V) and not (IV). It іва mono- 
acid base and forms а chloroplatinate. 16 is obtained by hydrolysis 
of (VI) containing two >N—NH—CO,H,'NOg groups of which one 
forming part of the ring cannot be removed during hydrolysis, It ів. 
not further hydrolysable to diethylpyrone. The compound (VI) 
could not, however, be synthesised from (V) and nitrophenylhydra- 
zine, 
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The dinitrophenylhydrazone melting at 148? is not basic. Its 
structure can be either (VII) or (VIII). 


N—NH-.O,H,'NOg 
Ц 


CO 
их C 
нб бн, PAR 
| ЕС C'Et | | 
Et'OC C'Et 


| | 
NO,O,H,NHN ` N‘NH‘C,H,'NO, ] 
(УП) 


In di-n-butyrylacetone the middle carbonyl group yields to 
phenylhydrazone formation (vide infra). If, therefore, one can go 
by analogy, for the compound melting at 148° the structure (VIII) 
is preferred to (VII). M 

Freshly prepared di-n-butyrylacetone reacts with one molecule 
of nitrophenylhydrazine and gives a yellow compound melting at 71° 
and having the composition C;,H,,;0,N, which is that of a mono- 
nitrophenylhydrazone. The presence of di:n-butyrylacetone among 
the products of hydrolysis of the compound melting at 71° could be 
demonstrated, which proves that the compound is a true phenylhydra- 
zone. In contact with strong hydrochloric acid and platinic chloride 
this compound gives в chloroplatinate whose composition is that of 
the chloroplatinate of -nitrophenylhydrazone of di-n-propylpyrone 
(X). It is, therefore, obvious that in the compound melting at 71° 
the middle carbonyl group of the triketone has yielded to phenyl- 
hydrazone formation and, therefore, its structure is (IX). 


‚ NYNH‘O,H, ‘NO? мнн, "NO, 
{| - ll з 
C - s. px € 
JN их 
H0 сн, oa. = HC CH . 
-- -il | - 
Рг'ОС O'Pr PrC С'Рг 
NZ 
О 
(TX) (X) 


The action of two molecules of nitrophenylhydrazine on di-n- 
butyrylacetone gives the corresponding pyridone phenylhydrazone 
(XI) which resembles its lower homologue in all its chemical re- 
actions. ‹ "A 


+ 


"E 
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N—NH'O,H,'NO, 


ll 
P - 
BN 
HO н 
| f. 
Рг:О C'Pr 


N—NH:C,H,'NO, 
(XD — 


These reactions of these two triketones can be readily explained 
by their open-chain ketonie or enolic formule. 


EXPERIMENTAL, 


Dipropionylacetone (II).—To the aqueous solution of pure diethyl- 
pyrone was added a hot concentrated solution of barium hydroxide in 
excess and the mixture heated to boiling for 6 minutes, when the 
barium salt of dipropionylacetone precipitated as a pale yellow solid. 
This was filtered, washed and decomposed by cold dilute hydrochloric 
acid. The ketone separated as an oil which was extracted with chlo- 
roform. On drying and removal of the solvent the residual liquid 
was distilled at 117°/6 mm. (Found: С, 68-7; Н, 8'0. 098,0; 
requires O, 68:5 ; H, 8:2 per cent). | 


Freshly distilled dipropionylaeetone (a-form) is а yellow liquid 
with a strong pleasant odour. D30 = 1:088 ; 820 = 1:4909. 


~ 


| п —1 M | 
The molecular refraction ата. а = 484 


The value calculated for Ht'CO°OH,°CO'CH,'CO'Et= 44:04 
Et"C(0H) = OH:00*CH & C(OH):Et 
| = 45°92 


Et'C(OH) - CH:C(OH) = CH:C(OH) — 
^ — QOH:Me--48:92 


—- 


600 DESHAPANDE, DINGANKAR AND KOPIL 


The value calculated for OH TE 


ер 


= 47'99* (using 2°65 as the value of atomic refraction of quadrivalent 
oxygen indirectly obtained by Homfray, loc. cit.). 

After standing for 8 days the colour of the compound changed to 
red and refractive index rose to 1°6044 which then remained constant. 
The ketone gives violet colour with ferric chloride and forms a sparing- 
ly soluble copper salt. When its solution in aqueous methyl alcohol 
containing a trace of hydrochloric acid is boiled for one hour it is con- 
verted into diethylpyrone. B 

The pyridone (V).—The best yield of this compound was obtained 
when the ketone (1 mol.) and nitrophenylhydrazine (0:8 mol.) were 
héstéd together in absolute alcoholic solution on а water-bath for 20 
minutes. On concentrating and leaving overnight the mass became 
semi-solid which was spread on а porous tile. The solid obtained was 
erystallised from dilute acetic acid in almost colourless needles m. р. 
78°, (Found: 0,624; Н,5'6; М, 151.  C45H4,0g3N, requires 
С, 62:7 ; Н, 6'9 ; М, 147 per cent). | , 

The chloroplatinate ofthe pyridone was prepared by adding plati- 
nic chloride to the solution of the pyridone in strong hydrochloric 
acid. It is an orange solid melting at 198° [Found: Pt, 20:5. 
(Cis H4, Оз №). HgPtOl, requires Pt, 19'8 per cent]. 

The phenylhydragone (VI).—The ketone (6-form, 1 mol.) and nitro- 
phenylhydrazine (2 mols.) were heated in absolute -aleoholio solution 
for 20 minutes. On removing the solvent the sticky mass was rubbed 
with glacial acetic acid, when a yellow solid separated. This was 
crystallised from pyridine in needles, m. p. 164°. (Found: С, 59°1 ; 
Н, 50; М, 19:8. C4,H3450,N, requires C, 59°7 ; Н, 5/2 ; М, 19:9 
per cent). 


‚‚ * The value 41709 is given for moleoular refraction of dipropionylacetone using 
a simple ring-formule. 
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The ohloroplatinate of (VI) was prepared as that of (V). Itisa 
yellow solid melting at 157°. [Found: Pt, 16:6. (Cg; Hag O4Ng)o’ 
Н, Pt Cl, requires Pt, 15°5 per cent]. ` 

Hydrolysis of (VI).—The compound was dissolved in glacial acetic 
acid and was refluxed for 1 hour in a current of dry hydrochloric acid. 
On cooling the product was poured into water and the turbid mass 
filtered. The filtrate deposited on standing a smal! amount of crystal- 
line compound in the form of needles. This on drying melted at 78° 
and was identified as the pyridone (V) by mixed melting point. 

The dinitrophenylthydrazone (VIII).—Barium salt of the ketone 
(1 mol.) and nitrophenylhydrazine hydrochloride (2 mols) were 
well shaken in absolute ether for one day. The ethereal layer was 
decanted off and the remaining solid was washed repeatedly with 
dilute acetic acid to dissolve barium chloride and the unchanged 
substances. The dinitrophenylhydrazone is a brownish yellow solid 
and was crystallised twice from pyridine in small needles melting at 
148°, (Found: М, 19°68. O$4,H4,0,;Ng requires №, 19'1 per cent). 
The substance was insufficient for estimations of C and H. | 

Di-n-butyrylacetone (ПТ) was prepared in the same way as its 
lower homologue. Its barium salt is less readily formed and in 
smaller yield. The salt is decomposed by exposure to air. The 
ketone is a liquid showing great tendency to pass into dipropylpyrone, 
for when it was distilled under reduced pressure the distillate con- 
tained the pyrone which was identified in the form of its chloroplati- 
nate. When, however, a small amount of the liquid was quickly 
distilled it boiled at 186°/ 4 mm. It is а brownish yellow liquid with a 
strong pleasant odour resembling that of its lower homologue, n2? = 
1:4856. It colours ferric chloride violet. -(Found: С, 65'9 ; Н, 8:6, 
Ci; Н,» Og requires О, 66-7 ; Н, 9'1 per cent). 

The copper salt was obtained by shaking the ketone with aqueous 
copper acetate. It is в bluish green solid insoluble in water and 
alcohol. (Found: Cu, 24:0. C,,H,0,Cu requires Cu,24'6 per cent). 


The phenyllydragone (IX).—F'or the preparation of this compound 
fresh and fairly pure form of the ketone was required which was 
obtained from the above copper salt by decomposing it with an acid. 
When the ketone and nitrophenylhydrazine in equimoleeular propor- 
tions were heated together in absolute alcohol for 20 minutes and the 
solvent evaporated the phenylhydrazone was obtained from the residue 
on rubbing. It was crystallised from alcohol or petroleum ether in 
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pale yellow needles melting at 71°. (Found: 0,614; Н, 6:8 ; 
N, 181. ©,7Hgs0,N, requires C, 61:8; Н, 69; М, 12'0 per 
cent). | 

When the compound (IX) was left in contact with strong hydro- 
chloric acid and platinic chloride overnight, the chloroplatinate of (X) 
was slowly formed. [Found: Pt, 18:8. (Oi; Hg; O4N,)4 H4 Pt Сі, 
requires Pt, 18'8 per cent]. | 

The phenylhydrazone (IX) was hydrolysed by dry hydrochloric 
acid in boiling acetic acid solution. On pouring the solution into water a 
niaes of the unchanged phenylhydrazone precipitated and was removed 
by filtration. On neutralising the filtrate and boiling with barium 
hydroxide a small quantity of the barium salt of the ketone пп) 
separated as а solid. When the barium salt was acidified the ketone 
was formed and was recognised by its odour and its ferric chloride 
reaction. | 

The phenylhydrazone (X1).—Tb6 was prepared from the ketone 
which had stood for some days. Its preparation is similar to that of 
the compound (VI). It was crystallised from alcohol in deep yellow 
needles melting at 140°. (Found: С, 61:9; Н, 5'2; N,18'7. 
Cas HagO4Ne requires О, 61:8 ; Н, 5'7 ; М, 18:7 per cent). 
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 Hecent а ТАТЕ іп i réferences to investigations on the 
methods of preparation. and properties of the varióus oxides of nickel 
which are important from the standpoint of theory and their applica- 
tion as catalysers.in important technical processes. E 

Leehánd and Lepierre (Bull. Soc. chim., 1892, iii, Т, 600) 
were the earliest to report that the two oxides prepared by the ignition 
of anhydrous nickel: sulphate were crystalline modifications of the 
parent salt and their densities were slightly different from each other. 
Later Le Blane and Saeghe (Z. Elcktrochem., 1926, 82, 58) by heat- 
ing the basic carbonate of nickel to various temperatures ranging from 
550° to 1220° obtained nickelous oxide of colours varying from dark 
grey to greyish green. They, however, showed that most of the 
oxides possessed the normal cubic structure as evidenced by the 
patterns of the X-ray diffraction and from this they concluded that 
there was only one type of NiO formed. The black colour of the 
oxide was explained on the fact that the oxide adsorbed oxygen from 
the air forming an adsorption complex. 

Prasad and Tendulkar (J. Chem. Soo., 1981, 1408) studied the 
influence of temperature of preparation on the physical properties 
of nickelous oxide. They found that with rise in temperature of 
preparation, the density and the electrical resistance of NiO increased 
and the rate of dissolution in sulphuric acid and the catalytic actvity 
in the decomposition of hydrogen peroxide decreased. They conclud- 
ed that there were two distinct forms of nickelous oxide, the black 
oxide prepared at 400° and the greenish yellow oxide obtained at 
1000°. They ascribed these changes in properties to changes (i) in 
particle size, (ti) in crystalline form, and (#1) in intramolecular struc- 
ture,- 

Recently, Cairns and Ott (J Amer. Chem. Boc., 19 88, B5, 527) 
from an X-ray study of nickelous oxide have shown that the two 
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modifications described are identical and have the usual face-centered 
type Of lattice and are not different from each other in an intramole- 
cular way. 

On the other hand, & number of higher oxides of nickel have 
been reported. Rose (Pogg. Ann., 1851, 84,671), Glaser (2. anorg. 
Chem., 1908, 86, 1), Baubigny (Compt. rend., 1878, 87, 1082; 1905, 
141, 1282), Wohler and Blaz (Z. Hlektrochem., 1921, 27, 406), Vaubel 
(Chem. Z., 1922, 46, 978) and Lunde (Z. anorg. Chem., 1927, 162, 
852) have reported the preperation of oxides such as NigO,, №503 
and NiO,. 

More recently, Goralevich (J. Russ. Phys. Chem, Boc., 1980, 62, 
1165) has reported the existence of a number of higher oxides of 
nickel, в. g., NigOs, NiO, and NiOg. Besides these, he has 
also found evidence for the existence of the following composite 
and less stable oxides :—NisOg, №5011, №505, NigOj7, Ni7zOxg, 
NigO45, NisOg, Ni,4,0,;, NigO,e, №0, з, Ni5O;, NigOs. 

The later work of Hendricks, Jefferson and Schultz (Z. Kryet., 
1980, 78, 876) has thrown doubt on the accuracy of Goralevich’s work 

In view of the above conflicting evidence as to the nature of the 
black niekelous oxide and the the existence or otherwise of the higher 
oxides of nickel, it was considered desirable to investigate this 
problem from the magneto-chemical standpoint. 


EXPERIMENTAL. 


In general the experiments carried out in this investigation were 
the following :— 


1. Preparation of the nickel oxides by various methods. 

9. Estimation of nickel, and the determination of the chemical 
composition of the oxides. | | | 

8. Experimental determination of the magnetic susceptibility x 
of the various samples. 

4. Experimenta! determination of the temperature coefficient 
of x for the two samples of NiO. 

5. Adsorption of oxygen by the two oxides. 

The following methods were employed to prepare the oxides 
under investigation : — 

(a) By heating nickel nitrate (ae pure) very strongly on the 


blow-pipe flame. 
(b) By melting nickel chloride with palanut chlorate. 
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(o) By treating nickel salis in solution with potassium hypochlo- 
rite acq. 

(d) By heating the hydroxide (i) on the blow-pipe flame, and (ii) 
on the Bunsen burner flame. 

(e) By heating nickel carbonate in air. 

(f) Treating the nickel chloride solution with Буйра peroxide 
in cold and afterwards adding the alcoholic potash solution. 

The amount of nickel in these oxides was estimated by the 
dimethylglyoxime gravimetric method. 

Some of the results were checked by the potassium cyanide 
volumetric method and as this involved the use of potassium cyanide 
for most of the work, the gravimetric method alone was employed. 

From the analytical investigations of the reaction products 
obtained in the various methods the following results were obtained. 


TABLE I 


Method of preparation. Wbt. of the Oxide expected Wt. of nickel 


product. to be formed. Obs. Calc. 

1. Heating the nitrate 0°0898 g. NiO 0°0547 g. O0°0551 в. 

on the blow-pipe (dark green) 

- Нате 
2. Heating the carbo- 00706 NiO 0*0581 0'0556 

nate on the blow- (black) 

pipe flame 

3. Heating. the mixture 00778 №30: Q*0547 0'0549 


of niokel nitrate and (black) 
potassium chlorate 
on the blow-pipe 
flame, till fusion 


4, Heating the hydroxide 0*0790 . NiO 00014 0°064@ 
on the blow-pipp ` 
- . flame 


5.' By adding sodium 00784 NiyOy 0'0841 0°0521 
h ite to nickel Some hydrate 
' nitrate solution formation took 
| асе and the 
weight of Ni was 
found to be less 


than that of oxygen ~ ' 


6. "Treating the nickel 00469 NiOg 0O'0861  - 0°0889 
chloride solution with А green mass 
ndr acis peroxide in was first obteined 
and afterwards which turred 
айты; the alcoholic black on drying 
potash solution 


1 
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As pure NiO was expected- to be formed from methods, 2 and 4, 
the reaction products resulting from these methods were analysed for 
Ni only, The weight of oxygen, was determined by difference. 


In the case of methods No.1 and No. 8, observed amounts of 
nickel compared well with the calculated amounts. From this 
coincidence № may appear as if the reaction products were pure 
oxides. But these results are not convincing, unless the above 
conclusions are confirmed -by the determination of the oxygen 
content and physical properties of these substances, such-as densities 
җан magnetic susceptibilities. 


Е Density determinations of all ‘the oxides were carried out by 
suspending them in toluene and employing the usual specific gravity 
bottle method. | ИШ. mM 


A Gouy's type balance was used for the magnetic measurements. 
Tt consisted ofa very sensitive Sartorious balance placed on a 
hollow wooden box. One of the two pans of the balance was 
replaced by a half pan similar to the type used in Sp.-G. determina- 
tions of lighter bodies. To this half pan was soldered a hollow 
copper cylinder about three inches in length and two inches in 
diameter through which a copper rod В having a hook at the end 
was passed and this rod could be moved upwards and downwards 
inside the hollow cylinder by means of a screw, which, provided 
the arrangement for raising or lowering the sample tube inside 
the magnetic field. The balance resembled the Paupong shown in 
Baird and Tatlock's catalogue. 


Determination of x.—Aíber setting the balance in order, its 
standardisation was undertaken. Copper sulphate (A. R.) of known 
susceptibility was put in the sample tube up toa definite mark 
and the pull exerted on the sample tube in the magnetic field was 
measured. By using the relation mg=}4H?(K,—K,) the value, 
of AH? was determined (Кү and К» in this equation represent 
the volume susceptibilities of the material of the cylinder and the 
medium). A current of 1'5 amps. жав passed through the 
solenoids and the value of AH? was found to be 0°7162. 


In order to test the accuracy of this value of AH? the suscep- 
tibilities of the following known substances were measured and 
were found to compare well with the wellknown values of x for 
these substances. - 
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TABLE П 
Name of the substance. - Observed value of X х108. Actual value of X x 108, 
Cobalt sulphate (crystals) extra pure | 86°95 87°0 
Nickel sulphate, extra pure ` 15:80 iso 
Iron ammonium sulphate, extra pure — . 81'50 89°0 


Magnetic susceptibility and density .determimation by the above 
methods gave the following results. 


Tasix III: 
Oxide obtained by. Wt. of the Wt. of the Vol. suscep- Mass suscep- Density. 
_ Product. pull. tibility tibility 
+хх 108. +x 10°, 
1. Heating the nitrate 0`9613 g. 0'0188 g. | 271'783 53'4 5'2 
very s'rongiy on the 
blow-pipe flame 
2. ее carbonate 0°6756 0*0090 45*504 8'19 56 
on e blow-pipe 
flame : 
8. Heating the mixture 0'9608 0*0038 56407 * 10°88 4°8 
of nickel nitrate and 
tasainm chlorate to 
gion, 
4. Heating the hydroxide 0`9084 0'0088 47°869 9-97 5'19 
on the  blow-pipe 
flame 
b. Adding sodium hypo: 0°4196 070036 52°627 29:40 — . 2°24 
chlorite to nickel 
nitrate soln. А 
6. Treating the nickel 0'0126 0'0085 46°856 9°52 4,°8 


chloride solution with 

hydrogen peroxide in 

cold and afterwards 

adding alchoholic 

potash solution 

In all the &bove pull measurements the tube was filled to the 
same volume and the current Paste! in all the cases Was also the 
same. 

The value of x for the oxide prepared by the first method was 
found to be 58'4x1079. This compared very favourably with 
the value 6877 х 1075 obtained by Honda (Sci. Rep. Tohoku Imp. 
Univ., 1914, 8, 118; 1915, 4, 215) for pure niokel oxide. 

It will be shown later that this value of x was not а proof of the 
composition of NiO and that the coincidence with the value obtained 
by Honda was purely accidental as the correct value of x for NiO 
has been found to be 9°56 x 1079. The high value (58:4 x 1079 is due 
to the partial reduction of the oxide to the metallic nickel owing 
to the introduction of a small quantity of carbon from the blow- 
pipe flame. 
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In the first stage of ignition a black sample (the value of x being 
`9'12 х 1079) was obtained which on further heating for 6 to.8 hours 
gave value of x even higher than 58'4x 1079 and it was noticed that 
the tube began to stick to the poles of the electromagnet. The 
appearance of ferromagnetism introduced a new rey eee Pe and 
the investigation was then pursued as follows: 

The ferromagnetic variety obtained above when heaved: in an 
electric furnace to a temperature of 1000° lost its property of 
ferromagnetism, the value, of x was found to be 68`4 х 10-8, which 
is identical with our first value. On further heating the sample 
it was found that the value of susceptibility showed a further 
decrease. А plausible explanation of this might be that a compound 
of the type Ni,O, has beenformed atsome particular temperature. 
As NiO, is analogous to Fe;0, (а highly magnetic substance) 
and as Fe,0, decomposes to FeO, similarly the compound №150, 
(ferromagnetic) should undergo decomposition to NiO (paramagnetic). 
If it is so then the above views regarding the magnetic proper- 
ties of the compound, on heating, could be qualitatively accounted 
for. In order to provisionally fix the temperature of production of 
the ferromagnetic sample, в series of а were made which 
gave the following results, 


TABLE IV. 


Process. Colour. - x x 108, 
1. Heating the black oxide on Е 
the blow-pipe flame Dark green Ferromagnetie 
8. Heating the black variety Black 9°12 
in the electric furnace . Dark to green Green 9°56 
8. Heating the black oxide Dark green after 
in а sealed crucible : 8 to 8 hours Ferromagnetic 
4. Heating the black oxide The, colour becomes 
.in ө silica tube А green оп continuous 9*56 to 10°01 
heating | 
9. Heating the ferromagnetic Colour changes from The value of , 
variety in ап electric dark green to dis- x falls to 9°56 
furnace tinct green 


From Table IV it is quite obvious that the samples obtained 
on blow-pipe flame yield very high values of xy, while the products 
electrically obtained are feebly paramagnetic. This difference in the 
magnetic nature of the products could be accounted for in various 
ways such as the following: 
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(1). Formation of Ni4O, and its subsequent change to NiO. This 
view had to be discarded altogether because of the non-formation of 
the ferromagnetic sample in the electric furnace at any temperature 
whatsoever. And the values of y never exceeded the figure 
9°56 x 10-6 in any case. If ata particular temperature, №150. had 
been formed, the resulta would have been identical both when the 

sample was heated either electrically or on a Bunsen flame. 

(9). The magnetic field of the electric furnace might be respon- 
sible for the production of а different type of NiO. But this again 
would not explain the magnetic behaviour of the products obtained 
in the silica tubes which were similar to the products of the 
electrico furnace. It could thus be safely inferred that the 
presence or absence of the magnetic fleld was without any effect 
on the magnetic nature of the products obtained in the two 
Gases. ` 

‚ (8). While the products of reaction or decomposition were being 
heated on the blow-pipe flame, it is possible that a small amount of 
carbon or unburnt gas might have found entrance into the reaction 
mixture and this might have resulted inthe formation of traces of 
free metallic nickel, by the reduction of the oxide, which being 
highly ferromagnetic might have rendered the sample ferromagnetic 
onthe whole. This possibility is altogether ruled out when the 
product is obtained in an electric furnace. 

(4). The gaseous products evolved during the decomposition 
might have changed the nature of the product formed. 

The following experiments were, therefore, carried out to settle 
these points. "E 

I. А small amount of carbon was added to the- black oxide and 
the mixture again heated in the electric furnace more strongly. 
This resulted in the production of a very strongly ferromagnetic 
sample. 

II. (a) The black oxide was heated in sealed crucibles on the 
blow-pipe flame. The resulting products were ferromagnetic in 
character. 

(b) When silica tubes were used instead of the crucibles, the 
samples produced gave values of y identical with those obtained 
in the electric furnace. This proves the entrance of carbon 
and gases through porous crucibles as opposed to the silica tubes. 

III. When a ferromagnetic variety was brought in contact with 
8 magnet ib wes- found that a very small part of the sample was 
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attracted to the magnet and this on analysia was found to be metallic 
nickel. * . 
IV. In order to study the influence of temperature on the nature 


of the resulting products, the ferromagnetic variety was heated in an 
oxy-acetylene and oxy-coal gas flame, respectively. In both cases the 
value of x fell very low. Paramagnetic black oxide when heated 
under similar. conditions and cooled showed no change in the 
values of x. | 

The results of ms experiments, when taken together, lead 
definitely to the view that the ferromagnetic sample is the result of 
the reduction of nickel oxide to nickel. This view finds support from 
the following work on the temperature coefficient of x of the 
ferromagnetic variety. ' 


Temperature Coefficient. 


In order to determine the variation of x with Т a very small 
electric furnace was devised as follows :— 
— Two:rectangular mica plates were taken, round which a very fine 
‘eureka’ wire was wound in opposite directions so that the current 
flowing in one may cancel the magnetio effect of the current flowing 
in the other. The number of turns on both the plates was also 
identical. These wires" were covered from outside by two similar 
mica plates held together with small supports of fine copper 
wire. The temperature could thus be very easily regulated 
by adjusting the strength of ‘the current flowing though the 
circuit. 

This small furnace with two sets of mica slata es, the distance of 
which could be changed, was introduced in the gap, each plate 
being a little apart from the pole piece. The sample tube was intro- 
duced in the usual manner in the gap and so inside the two mica 
plates. The weight of the sample tube along with the oxide was 
determined every time (at every temperature) before putting the field 
ой, Afterwards the tube was weighed in the field, the difference 
between the two weighings gave us the pull. In this way the effect 
of the ourrent flowing in the furnace, if any, could be eliminated. 
Now `аз the mica plates got heated they also raised the temperature 
of the adjoining poles which changed the value of АН, To avoid 
this, an attempt was made to keep the two magnets at almost the- 
the ваше temperature ШЫ the experiment by в special кош 
arrangement, - 
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Cooling arrangement.—The magnets were covered by two double 
walled vessels of almost the same shape ав the pole pieces in which 
cold water was circulated. This ‘kept the magnets at a uniform. 
temperature though the temperature of the gap was very near 
to 400°. 


While studying the varistions- of xy with T in the case of ferro- 
magnetic аА the following results were obtained. 


TABLE V. 


AH*%=1'9272. Wt. of the sample=0°2667 р. 


e 


Current passed in the Temp. | Pull. x * 105. 
furnace. 
0'0 amp. , 90°4° - 0°0089 в. 82°48 
0l C 78:8 00081 38-07 
08 = 1890 0700805 ° 3187 
0-98 146°5 | 0*0080 81:66 
0°85 818 — 00079 - 81°26 
0°88 292-8 0°0078 80°85 
0°40 o 7 8554: 00077 e 30-44 
_ 0-41 | 869-0 00077 30 44 
0:49 268-0 0-0088 12°63 


From Table V it is evident that at 865° the ferromagnetic variety 
loses its ferromagnetism altogether and becomes moderately para- 
magnetic yielding the valuable information that metallic nickel is 
the cause of the ferromagnetism of the so-called nickel oxide 
as the Черге" 865° coincides with the ‘Curie point’ of 
nickel. 


A Qus of the temperature variation of y of green and black 
variety of the oxides was undertaken and the results obtained 
are given in the following table. 


b 
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АН: 9272. Wt. of the green oxide=0°2041 р. Wt. of the 
black oxide =0` 1284 g. 


Green oxide Black oxiđe 
Current passed Temp. Pull. x10, Temp. Ра]. хх10, 
in the furnace. r- 
0'00 amp. 28'0* 0°0019 g. 9°48 25°0° 0°00115 g. 9°11 
0*15 60:3 0°00185 9°22 - та  (yCOll 8°71 
0°25 114°6 O°O01L75 872 | 12996 —0'0010 T98 
. 0°28 141°4- 0007 8°45 2049 00009 718 
0°80 191:8 0*0016 1-94 949*8 0'00065 6°72 
0°85 248:6 00015 748 31909 0'00075- 6°94 
0°88 2026 004 6°00 3514 — 00007. · 5:60 
0°40 851°6 0°0018 6:318 


` Although the original values of x for the two samples. are 
different the curves for у and T in both the cases run parallel and 
the changes in values of x per unit. temperature within this range 
are identical. These results will be discussed later. 


| Adsorption of Oxygen by the Two Nickelous Oxides. 


Investigations on thia point were necessary as the black oxide 
of nickel on desorption of oxygen becomes green. The reverse 
phenomenon does not appear to have been investigated at all. 

The apparatus used for the purpose was Lunge's gas volumno- 
meter, and it was modified to suit our purpose as follows: | 

А glass tube of about 1” in diameter at the top drawn at the 
bottomto a fine bore of about 1 [107 in diameter, and about 2 ft. in 
length was connected by means of a special mercury-rubber tubing 
to a 50 c.c. burette having a three-way cock at the top. By means 
of this three-way cock, the burette could be connected with the 
sample tube or with the calcium chloride cylinders which were 
introduced for drying the gas passing through them. 

In the first instance the burette was filled with air Бу means of 
a pulley arrangement which helped in raising or lowering the 
mercury in the burette. 
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Fresh and dry air was introduced by the said device and the 
connection with the sample tube was made and both the time and 
level of the mercury in the burette was noted. 

After 24 hours the oxygen was collected in an aspirator from 
which it was introduced in the burette. The observations in the 
case of black oxide yielded negative results while the green variety 
clearly manifested an adsorption, though small. The values of x 
were found to be: 


хх 108 before adsorption  —9'88 | 
x X 108 of green sample after a slight adsorption of Og —9'26 
хх 108 of black sample —9'11 


This clearly indicates that the value of x tends to change towards 
the direction of the black variety when oxygen is adsorbed by the 
green sample. The next two sets of experiments were performed 
to get further information on this point. 

(a) Freshly prepared oxygen was passed over the green oxide 
which had already .&bsorbed oxygen both st room temperature and 
at 260° for over 8 hours. It was found that no further change in 
the value of x occurred at all beyond that recorded above. 

(b) To investigate the matter still further a little of the 
oxide was placed on a perforated plate sufficiently above the 
mixture of potassium chlorate and manganese dioxide so that the 
freshly evolved oxygen may get a chance to come in сш with а 
large surface of the green oxide. 

Even in this case no change was observed and the green oxide 
retained its green colour and did not assume the black colour. 
While the black oxide easily becomes green on losing adsorbed 
oxygen when heated, the reverse experiment seems to be possible 
‘only when the green oxide comes into contact with active oxygen 
and evidently the value of 9°11 x 107? for y-is indicative of the limit 
of the adsorbability of active oxygen by this oxide. 


ТО 3 
' ‘The Case of the Oxide of the Composition „Оу, 


During the preparation of nickel. oxides; by: various methods, a 
sample, black in colour, which on analysis found to be NigOg, was 
. obtained .(cf. Table I, No. 5). Its density and susceptibility were 
.. also determined the values being 4'8 and 10°88 x 10-8 respectively. 
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As in the case of NiO previously described, important differences 
in magnetic properties were noticed when the sample was prepared 
in the electric furnace. It was, therefore, considered desirable to 
check these results in an analogous manner. 


By changing the method of preparation of the oxide (by using 
electric furnace instead of Bunsen burner or blow-pipe flame for 
heating), the final product obtained was similar in all chemical and 
physical characteristics to NiO. The values for density and x 
were 6:6 and 9:68 х10-6 respectively. The analytical results for 
oxygen and nickel also denoted a composition NiO. 


The experiment was repeated several times and the results 
indicated that NigOg could not be formed by method No. 8 
(Table I). 


From this it is concluded that the production of №50, by 
No. B method on the blow-pipe flame must have been accidental 
owing to the introduction of certain impurities from the flame. 


The presence of nickel in these cases was also established by 
the ‘Curie point’ method, as well as from actual analysis -of oxygen 
and nickel ratio. 


SUMMARY AND Discussion or RESULTS. 


1. Various methods used in the preparation of nickel oxides 
result in reaction products, many of which on analysis are found to 
be chemically identical, though they possess distinct colours. 


2. Two prominent colours, black and green, are generally exhi- 
bited by different oxide samples. Їп certain cases compounds 
of intermediate type composed of varying quantities of the two 
oxides, possessing colour dark green to faint black, are also obtained. 


8. While the difference in colour is attributed to the difference 
in various physical conditions of the samples, vig., (a) particle size, (b) 
orystalline form, (c) intramolecular nature (Prasad and Tendulkar, 
loc. cit.), 16 has been shown that traces of adsorbed gases, particu- 
larly of oxygen, and the presence of other impurities in minute 
quantities can bring about a marked change in the онн and mag. 
‘netic properties of the reaction products. 


4. That the presence of traces of impurity which gets introduced 
in the sample while it is being heated, cooled and purified, ог while 
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it is being carried to some other similar operation, can change both 
the physical and chemical nature of the substance’ to а very great 
extent, is fully borne out by the fact that the sample obtained on the 
blow-pipe flame contains free nickel and carbon and gives highly 
ferromagnetic product due to the presence of free nickel. 

5. That in these oxides, the presence of free nickel is analytically 
difficult to estimate, is due to the fact that the presence of ` carbon 
renders the estimations inaccurate, the amount of nickel found by 
estimations being always lower than the actual amount. The value 
of x (68:4 x 1079) for. nickel oxide points to the fact that Honda’s 
compound was made on the blow-pipe flame and contained trases of 
free nickel as impurity. | : 

The preparation of nickelous oxide in an electric furnace gives a 
substance which on analysis is found to be chemically pure NiO and 
the value of x for this never exceeds 9°56 x 1079, · 

6. That the higher value of x reported before is due to the pre. 
sence of varying qualities of nickel. This view has been confirmed 
by many other experiments, the most important of them being the 
determination of the susceptibility of the ferromagnetic variety at 
various temperatures. The sudden change in the value of y at 865°, 
which is the same as the ‘Curie point’ of the metallic nickel, clearly 
shows that the ferromagnetic variety does contain traces of free 
nickel which becomes paramagnetic at the ‘Curie point’. 

The formation of ferromagnetic variety by heating a mixture of 
carbon and nickel oxide in the furnace, sticking of a part of the 
ferromagnetic oxide to a magnet which on subsequent analysis is 
found to be nickel, ав well as the results obtained from the silioa tube 
experiments, support the same view. 

7. That the value of x for nickelous oxide prepared in the silica 
tube in place of a crucible is also 9°56 x 10-8 adds further support to 
the above view. 

8. They and T curves of the two nickelous oxides run parallel 
showing thereby that both the varieties have got almost the same 
temperature coefficient for x. The black oxide retains the lower 
value of x throughout the experiments and clearly establishes that 
while the two nickel oxides are chemically identical the lower value of 
х for the black sample is due to some difference in its physical 
nature such as adsorption of oxygen. 

9. The results of adsorption experiments are in accordance with 
X-ray diffraction photographs obtained by Cairns and Ott (loc. cit.). 
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These two investigators attribute the black colour of the oxide as 
being due to the adsorption of active oxygen. It has been found that 
the black oxide on heating very strongly is turned green owing to the 
liberation of adsorbed oxygen. Adsorption results indicate that the 
green variety oan adsorb more oxygen than the black one which 
already contains some oxygen. The adsorption of oxygen by the 
"green variety tends to lower its value of susceptibility ав shown by 
the adsorption experiments. If sufficient adsorption of oxygen takes 
place by the green variety, it is possible that 16 may заводе blaek 
.giving th same value of x as the black sample. 

10. The various oxides reported in literature were most probably 
formed by the introduction of certain impurities from outside. The 
only oxide of nickel which can be produced under various experimental 
'eonditions is NiO, the existence of which has been proved definitely. 
This possesses definite physical and chemical characteristics. 

1l. From the adsorption results obtained in this investigation 
and which are in line with the X-ray work of Cairns and Ott (loc. cit.), 
the view that the intramolecular changes may be brought about 
seems to be superfluous as all the facts can be accounted ‘for on the 
impurities, oxygen and nickel getting жиры with the МО ча 
experimentation. 
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Photolysis of Amino Acids in Sunlight. 


By G. Qorara Rao AND М. В. Duar. 


From the standpoint of soil fertility the nitrogenous portion of 
the soil is of paramount importance. Most of the nitrogen added 
to the soil by ploughing under sod, plant stubble, green and stable 
manure, is in the form of proteins and their decomposition products. 
These substances cannot be assimilated by higher plants as such, 
but have to be broken down to ammonia and then oxidised to nitrate. 
The nitrates are then assimilated by the plants. 

Т was at first thought that organic matter can be nitrified 
directly. But, Muntz (Compt. rend., 1890, 110, 1206) has shown that 
organic matter has to be decomposed first and ammonia liberated, 
before nitrates can be formed. Omeliansky (Cent. Bakt., 1899, 
5, 478; 1902, 9, 63) also obtained negative results for urea, aspara- 
gine, methylamine and egg-albumin; so that he concluded that all 
forms of organic nitrogen have to be transformed firat into ammonia 
before they can be nitrified and utilised by the plant. The decom- 
position of organic nitrogenous compounds with the liberation of 
ammonia is commonly known as ammonification From what has 
been said above it will be evident that ammonification is an impor- 
tant chemical process occurring in the soil. 

The isolation of & number of amino acids from the soils by 
Schreiner and Shorey (U.S. Dept. Agr. Bur. Soils Bull. No. 74) and 
Lathrop (J. Amer. Chem. Boc., 1912, 84, 1260) has demonstrated 
that the process of decay of proteins takes place through the stage 
of amino acids. The amino acids give rise to ammonia by further 
‘processes of hydrolysis and oxidation. 

Muniz (loc. cit.) was the first to demonstrate that organic nitro- 
genous matter is decomposed by micro-organisms with the formation 
of ammonia. Muntzand Coudon (Compt. rend., 1898, 116,895) have 
further shown that no ammonia was formed in sterile soil in two 
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and half years, while the unsterilised soil produced in sixty seven 
days 41 to 100 mg. of ammonia per 100 g. of soil. These 
investigations were followed by those of Marchall (Cent. Bekt., 
1885, 2, 753) and numerous others which pointed out the im- 
portance of ammonia formation in the soil and the róle of micro- 
organisms in its formation from proteins. This was found to be not 
a specific property of certain bacteria, but a function of а large 
number of micro-organisms. and fungi. | 

In the light of the above experimental evidence it is believed 
that ammonification in soils is solely due to the action of bacteria and 
fungi. It is important to cbserve-that fhe experiments of all those 
investigators were conducted inthe dark. Now the present authors 
have studied the decomposition of various nitrogenous compounds 
like amino acids, amides, amines, proteins, eto., in aqueous solution 
in the presence of sunlight and photocatalysts like titanium dioxide, 
aluminium trioxide, humic acid, zinc oxide, etc. These experiments 
have revealed that most nitrogenous compounds are decomposed 
into ammonis, which may then be oxidised to nitrite, and nitrate 
and in & recent communication (J. Indian Chem. Soc., 1988, 10, 609) 
it has been shown that light not. only plays an important róle in 
nitrification but itis of great importance to ammonification, which is 
mainly an oxidation reaction. In this paper the influence of light 
on the oxidation of some amino acids has been investigated in the 
absence of bacteria. - | 

The amino acids are oxidised to ammonia, carbon dioxide and 
an aldehyde containing one carbon atom less. The change can be 
represented by the equation, 


R'CH'NH,COOH+(0) —> RCHO+NH,4+COxg. 


We have also observed that the rate of photo-oxidation of amino 
acids is greater than that of ammonia to nitrate. Hence there is 
leas likelihood for the simultaneous formation of nitrite in the experi- 
‘ments on photo-ammonification, specially in view of the fact that 
no air was passed through the exposed solutions continuously. 
Besides, it has been shown in publications from these laboratories 
that reducing substances act as negative catalysts in oxidation 
reactions. The aldehyde formed in the photo-oxidation of amino 
acid would, therefore, inhibit the further oxidation of ammonia to 
nitrite. Thus in our experiments we have observed the formation 
of only traces of nitrite: | 
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EXPERIMENTAL. 


The amino acids used in this investigation were obtained from 
Kahlbaum. The requisite amount of the amino acid was dissolved 
in sterile water and the solution poured into a sterile Erlenmeyer 
fiask of pyrex glass containing a definite amount of photosensitiser 
and then plugged with sterile cotton wool. Thereafter the flask was 
exposed to sunlight. An exactly similar flask was kept in the dark 
аз а blank and every precaution was taken to avoid bacterial conta- 
mination in these light and dark experiments. The blank solution 
did not develop any ammonia, while the one exposed to sunlight 
showed & steady increase in the amount of ammonia formed. 
The non-formation of ammonia in the dark (blank) solution shows 
the freedom from contamination of the experimental solutions with 
any ammonifying organisms. 


Methods of analysis.—The determination of ammonia was done 
by the improved Folin aeration method, using sodium carbonate to 
liberate the ammonia. The residual amino-nitrogen was determined 
by the van Slyke method. 


Glycine.—250 С.о. of a solution of M/20-aminoacetic acid were 
exposed to sunlight with and without photosensitiser under strictly 
aseptic conditions. There is в slow but definite oxidative decom- 
position in sunlight in glass vessels without any photosensitiser. In 
quartz vessels the decomposition is more rapid. The photolysis in 
the presence of photosensitisers, like titanium dioxide, is considerably 
more rapid; hence. this photosensitised oxidation was studied in 
greater detail. Analysis of the reaction products has shown that 
the actual decomposition of the amino acid can be represented as 


CH4'NH4COOH- + (0) “> HCHO+NH,+COg. 

The amount of ammonia-nitrogen formed was estimated by the 
Folin aeration method; and the amount of amino-nitrogen dis- 
appeared has been determined by the well known yan Slyke method. 
The following results show that the amount of NH -ni&rogen 
corresponds almost quantitatively to the decrease in the МН,-М№. 
The following table shows the progress of the photolysis of glycine 
with time in the presence of titanium dioxide, 
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TABIR I. 


250 С.е. of. M/20-glycine+0°25 в. of TiO, exposed іп a glass 
flask to sunlight for 80 hours. 


NHa4-—N in g./10 c.c. 


Before. After Diff. Folin NH-N, 
irradiation. | decrease in NHg—N. 
("096980 0*005817 0'001163 0001180 
TABLA II. 


250 С.е. of M/20-glycine+0'25 в. of TiO exposed to sunlight іп'а 
glass flask. Amount of МН. ~ № per litre =698 mg. 


Time (hr.) die 40 80 180 160 
МН; —М (mg./litre) is 28°82 115'28., 18500 944'80 
Decomposition (% ) ves 418 16'50 26'64 85°00 


Under the conditions of the experiment only minute traces of 
nitrite were formed. 


Photodecomposition of anthranilic acid.—M /20-solution of anthra- 
nilio acid (o-&minobenzoie acid) was exposed to sunlight in в pyrex 
glass fiask with titanium dioxide, under conditions which excluded 
bacterial contamination. After a few hours’ exposure the solution 
assumed a deep red-brown colour. Analysis revealed the presence of 
aniline. It appears, therefore, that preliminary decomposition of 
anthranilic acid can be represented by the equation, | 


NH 
eB "> . OQHSNH, +005. 
COOH 


Prolonged éxposure resulted in the formation of ammonia which 
was estimated by the Folin aeration method. The results are record- 
ed in the following table, 
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TABLE IV. 


250 C. c. M[20-anthranilie acid + 0°25 g. of TiO, ЕС to 
sunlight. 


| Time (hr) . 40 80 190 
NH3—N formed (mg. /litre). 14-41 91-61 97-78 
Decomposition % | 2°06 8°09- 4°12 


Hippuric acid is very stable in sunlight even in the presence of 
photosensitisers. 
SUMMARY. Pu à 

1. The photolysis of various amino acids in sunlight has been 
studied. These amino acids decompose with the liberation of ammonia. 
The decomposition appears to be one of oxidative de-amination. The 
aliphatic amino acids, e.g., glycine are oxidised in the presenée of air 
and sunlight with the formation of the corresponding aldehyde, ammo- 
nia and carbon dioxide. This is represented by ‘the general equation, 


R:CH'NH,'COOH + (0)—>R'CHO + NH, + C0,. 


2. In. most of the cases, the amount of ammoniacal nitrogen 
formed by photolysis was found to correspond quantitatively to the- 
decrease in amino-nitrogen. 

8. From the experimental results it will be seen that ы» 
dicarboxylic acids, like aspartic acid and glutamic acid ammonify-less 
readily than the monoaminomonocarboxylic acid like glycine. and 
alanine. It will also be seen that aromatic amino acids like anthrani- 
lic acid and hippuric: acid, BER muoh less readily than the 
aliphatic ones. 

4. In the light of the above experimental evidence, the authors 
believe that the, formation of ammonia in the soil from amino acids 
obtained from protein decomposition i is mainly an oxidative de-amina. 
tion, accelerated by sunlight. We have shown that aqueous solutions 
of amino acids photolyse in the presence of photosensitisers like tita- 
nium dioxide, aluminium oxide, humic acid, zinc oxide, eto., when 
we keep in mind that the first three substances normally occur in all 
soils it will be clear that ammonification in soils can take place 
without the presence of bacteria or fungi, if only sunlight be present. 
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Photolysis of Amides and Amines in Sunlight 
Ву G. Gopana Rao AND К. MADHUSUDANAN PANDALAI. 


In a previous publication Gopala Rao and Dhar (vide, p. 617) 
have shown that amino acids are oxidised in aqueous solution 
in the presence of air and sunlight with the liberation of ammonia. 
The view has been given out that the formation of ammonia 
from amino acids in the soil is, at least in part, a photochemical 
process, and can take place without the presence of bacterig and fungi, 
if only sunlight be present. 

In the present paper the experimental results on the photolysis of 
amides and amines in sunlight have been recorded. Our experiments 
show that amides are first hydrolysed in aqueous solution with the 
formation of the corresponding ammonium salt, when exposed to 
sunlight inthe presence of photosensitisers like titanium dioxide. 
There is no reaction in the dark under the experimental conditions. 
This is unlike the behaviour of animal charcoal which according 
to Warburg can catalyse the oxidation of amino acids inthe dark 
by oxygen. Further, if a slightly basic substance like calcium 
carbonate be present, the ammonia of ammonium. salt is oxidised 
to nitrite. | 


EXPERIMENTAL, 
Photo-o«idation of Amides. 


The requisite amount of the amide (Merck) was dissolved in 
sterile water and the solution poured into а sterilised Erlenmeyer 
flask of pyrex glass containing a definite amount of the photosensi- 
tiser, and the flask was then plugged with cotton wool. It was 
then exposed to sunlight every day from 10 А. М. to 4 P.M. 

A definite volume of the solution was withdrawn by a aterile 
pipette from time to time; and the amount of ammonia obtained 
was determined by the Folin sration method ; the nitrite formed 
was estimated in another sample of the solution by the Griess-Ilosvay 
colorimetric method or the iodometric method через һу 
Gopala Rao and Pandalai (Analyst, 1984, 89, 99). 
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Formamide.—M /20-formamide solution (100 с.с.) was exposed 
to sunlight in а sterile glass flask with 1g. of calcium carbo- 
nate and O'l е. of titanium dioxide. The results are recorded in 
Table I. 


TABLE I. 


Amount of amido-nitrogen per liter —700 mg. 


Time of exposure. NHN. Nitrite-N. Total №. % decomp. 
10 hr. 60 mg./htre Nil 60°80 8-57 
90 125 0°09 mg./litre — 19400 17°87 
80 192 0°15 192°15 27°45 
50 840 0'91 84021 48'60 


Acetamide.—M /20-aqueous solution of acetamide (100 c.o.) 
was exposed to sunlight in а pyrex glass flask with 1 в. of calcium 
carbonate and O'i g. of titanium dioxide. A definite volume of the 
solution was withdrawn from time to time and the ammonia and 
nitrite contents determined. The results are tabulated below. 


ТаАвів II. 


Amount of amido-nitrogen per Нёге=700 mg. 


Time of exposure. NH;-N. Nitrite-N. Total N. 95 decomp. 
10 hr. 25°0 mg./litre Nil 25°00 3-67 
20 45:8 2°50 mg./htre 47:80 6°83 
30 : 6825 6°80 74°68 10:65 
50 128°61 19:49 19510 19:44 


Bensamide.—M /20-solution of benzamide (100 с.о.) was exposed 
to sunlight in а pyrex glass flask with 1`0 р. of calcium carbonate 
апа 0`18. of titanium dioxide. The solution became yellowish- 
brown after a few hours’ exposure. The NHg-N was estimated 
by the Folin method and the nitrite-nitrogen by the colorimetric 
method. 


Тавьв III. 

Time of exposure. МАМ. Nitrite-N. Total М, № decomp. 
20 hr. 15°00 mg./litre Nil 16°00 2:14 
50 36`00 0'217 mg./hntre 86'217 5°17 
80 60°00 0820 | 60°83 8°69 


It will be evident from a comparison of results in Tables I, II and 
ПІ that the rate of formation of ammonia from benzamide is much 
slower than from acetamide or formamide. 
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Urea.—M /20-aqueous solution of urea (100 о.о.) was exposed 
to sunlight in a pyrex glass flask with 1g. of calcium carbonate 
and O'lg. titanium dioxide. The ammoniacal nitrogen was estimated 
by the Folin method and the nitrite nitrogen by the colorimetric 
method, The following results show that urea is ammonified and 
nitrified quite readily. 


TABLE IV, 


Amount of amido-nitrogen per litre=1400 mg. 


Time of exposure.  МНу-М. Nitrite-N. Total М. % decomp. 
10 hr. 25°00 mg./litre 1:50 mg./litre 26°5 1°89 
20 47°80 2°80 50°1 3°58 
40 90°82 8°40 98-78 1*05 


Ozamide and succinimide.—M /20-aqueous solutions of oxamide 
and succinimide (100 с.с each) were exposed to sunlight for 
50 hours with 1'0 в. of calcium carbonate and 0'1 g. of titanium 
dioxide. The results are as follows. 


TABLE V 
Substance. NHs-N, Nitrite-N. Total N. № decomp 
Suceinimide 64 85 mg./litre 1'2 mg./litre 66*068 9° 
Oxamide 60°44 8:17 §2°61 1:016 


Phthalimide.—M /20-aqueous solution (100 с.с.) was exposed to 
sunlight with 1°0 g. of calcium carbonate and 0'1 р. of the photosensi- 
tiser, titanium dioxide. А ега few hours’ exposure to sunlight 
the solution assumed an yellow colour. Ammonia was slowly 
formed and no nitrite could be detected even on exposure for 
60 hours. 


TABLE УТ, 
Time of exposure. NHs-N. Nitrite-N per litre. Total М. % decomp. 
50 hr. 25°22 mg./litre Nil 25'22 8'6 


1$ will be seen from the results recorded in the foregoing pages 
that aromatic amides апа imides decompose much less readily 
than the aliphatic ones. Benzamide ammonifies much slower than 
formamide or acetamide. 


Among the aliphatic, the amides of monobasic acids decompose 
more quickly than those of dibasic acids. | 
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Photo-ozidation of Amines, - >т 


Methylamine.—M/5-aqueous solution of methylamine (200 с.е.) 
was exposed to sunlight with 0`4 р. of ZnO for 40 hours. Formal- 
dehyde, methyl alcohol and ammonium nitrite were detected 
in the reaction mixture. The first stage of the reaction appears 
to be one of hydrolysis. | 


СН. "МНа+ H40—CH; "ОН + МН. 


This is followed by oxidation of ammonia to nitrite and of methyl 
alcohol to formaldehyde. 


Ethylamine.—When treated in exactly the same manner ethyl- 
amine was found to yield" ethyl alcohol, acetaldehyde and ammonium 
nitrite. Asin the former ease the first stage of the reaction appears 
to be a case of hydrolysis, represented by the equation, | 


CH,CH,NH,+H,0 —> OHj4OCH4OH-NB,. 


This was followed by the oxidation of ammonia to nitrite and of 
ethyl alcohol to acetaldehyde.” 

Dimethylamine yielded formaldehyde and ammonium nitrite 
when exposed to sunlight in the presence of zinc oxide. 

Aniline. —200 С.е. of distilled water with a quantity of pure 
aniline calculated to make the mixture М/б concentration were 
exposed in a glass flask to sunlight for: 40 hours with 0'4 р. of 
ZnO. Aftera few hours’ exposure the solution assumed a deep 
brown colour, and in course of time deposited a brown resinous 
mass. The amount of nitrite formed was small. | 

Dimethylaniline when treated in the above manner turned 
brown, but no nitrite was formed. 

The following table gives the amount of nitrite formed in each 


саве. 
TABLE VII. 


200 С.е of M/5-amine in water--0'4 g.of ZnO exposed to sun. 
light for 40 hours. 


Substance ? " Amount of nitrite-N. 


Methylamine 85°88 mg./litre 
Rthylamine i . . 98-96 . 

Diet hylamine ; 16°56 - · 
Aniline p. d м ра 


Pimethylaniline Nil 
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From the foregoing results it will be evident that the aliphatic 
amines are more readily oxidised to nitrite than the aromatic ones. 
Among the aliphatic amines, the smaller the number of carbon 
atoms the greater is the tendency for the decomposition. 


Drsougsion. 


In our previous publication we have shown that amino acids 
are oxidised photochemically in aqueous solution, when exposed 
to sunlight in the presence of photosensitisers like titanium dioxide 
with the liberation of ammonia. In the present paper we have 
shown that amides also undergo photochemical oxidation when 
exposed to sunlight in the presence of photosensitisers like titanium 
dioxide or zinc oxide, with the ultimate formation of ammonium 
nitrite. Thus it appears that diverse nitrogenous compounds 
decompose in the presence of sunlight and air with the formation 
of ammonia and nitrite. 

In the soil nitrogenous compounds undergo similar changes and 
it is believed that these changes are brought about by the activities 
of the micro-organisms of the soils, which are specifie in their action. 
The ammonifying organisms of the soil liberate ammonia from the 
complex nitrogenous compounds, and the ammonia will then be 
oxidised by thenitrifying bacteria. Now it is interesting to note 
thet sunlight alone can also accomplish all these changes. Hence, 
we believe that the process of ammonification and nitrification of 
nitrogenous compounds in the soil may be mainly photochemical in 
‘tropical countries, taking place under the influence of sunlight 
without the interference of bacteria. 
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Chemica] Reactivity and Light Absorption. Part III. 
By М. В. Daar AND Р. К. Kar, 


In previous publieations of this series (J. Indian Chem. Soc , 
1984, 11, 88, 811) it has been shown that the light absorption by в 
mixture of two reacting substances is greater than the absorptions 
of the reacting substances considered separately. This reaction is 
found to be applicable to numerous chemical reactions. It seems 
that whenever thereis а possibility of the occurrence of a chemical 
change by mixing two or more substances, increased light absorption 
by the mixture is likely to be observed. | 


Further work has been carried out on this line with reactions 
involving iodine and the results are recorded in this paper. 


Iodine and Acetone, 


It has been shown in Part П (loc. cit.) that the light absorption 
by a mixture of acetone and iodine is greater than the absorptions 
of acetone and iodine taken separately. We have studied this 
reaction further in different spectral regions and it will be observed 
from the following photographs that there is increased light absorp- 
tion in the ultraviolet and visible regions with the mixture, but so 
far we have not been able to detect any enhanced absorption in the 
infra-red region. In this reaction hydrochloric acid is added to 
accelerate the reaction. 


The photograph as shown in Fig. 2 was taken with a light 
filter in order to isolate some particular spectral regions. One 
quartz cell contained a saturated solution of cobalt chloride and 
the other 0°06% of K,gCrO, solution. These filters were placed 
next to the source of light and then the reaction vessel. The 
light coming out of these was photographed (Fig. 2). 


Photographs were also taken with в E, type of quartz spectro- 
graph and one of them is submitted here (cf. Fig. 1). 
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Infra-red Absorption. 


In order to study the light absorption in the near infra-red, 
ordinary photographic plates were sensitised. 

The following sensitising solution was prepared: water-alcohol 
mixture (85:60) 150 c.c., neosyanin solution (1:2000 in absolute 
alcohol) 1°5 в.с., kryptocyanin solution (1:1000 in absolute alcohol) 
2 с.в., dicyanin solution (1:100 in absolute alcohol) 2:6 c.c. To this 
solution was added concentrated ammonia (5'5 o.c.), all these 
mixings being carried on in the dark. Ilford Empress plates were 
dipped in the above solution for 5 minutes and then rinsed for : 
minute in alcohol and rapidly dried before а fan. 

The plates thus sensitised showed lines up to 9500À but require 
long exposure. Та our experiments, long exposures could not be 
given as the products of the reaction might take parb.in the light 
absorption. Hence, lines up to 8000A could only be obtained with 
these plates after an exposure lasting for 45 seconds. Photographs 
were taken in an Adam Hilger constant deviation glass spectro- 
photometer. The lines were standardised from a standard emission 
spectrum of copper aro in Eder's Atlas. 

The photograph as given in Fig. 8 shows the light absorption by 
sodium nitrite solution and aqueous iodine and their mixtures in the 
infra-red region. Similar results were obtained with acetone and 
iodine. r | 

Ав there are no strong lines in the region of 7000A with copper 
aro as the source of light, it is difficult to say whether any absorption 
takes place in that region. But this can be said with a certain 
amount of definiteness that no absorption takeggplace at 80004. 

. ‘It is well known that the absorption spectra of iodine vapour 
consists of a band system extending from the red to the green. 
There is also a much weaker band system in the néar infra-red with 
a maximum at 7BOOA. Another set of bands occurs in the ultra- 
violet between 2760 to 1700A. The photographs as given in Fig. 1-4 
show | that aqueous iodine has absorption in the region 4500 to 
5000А . and again selective absorption in the ultraviolet after 3194A, 
but no appreciable absorption has been observed in the near infra-red. 

Aqueous iodine and potassium oxalate, sodium nitrite, sodium 
citrate, sodium tartrate and sodium lactaie.—A few photographs 
with concentrated solutions of the above reducing agents 
and aqueous iodine were taken with а E, Hilger quartz 
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spectrograph. with copper аго ав the light source. АП the 
photographs show markedly increased absorption in visible and ultra- 
violet regions with the mixtures of iodine and the reducing agent in 
comparison with the two reacting substances considered separately. 
One of the typical photographs is reproduced in Fig. 4. 


Relation between Velocity of Thermal Reaction and 
Light Absorption. 


In Part II of this series, it has been stated that under comparable 
conditions, those reactions, which are fast show greater light 
absorption with mixtures than in the case of reactions which are slow. 

In order to obtain exactly comparable results, we have deter- 
mined the light absorptions with mixtures containing M [б solutions 
of the reducing agents and №/487 aqueous iodine and the comparative 
velocities of the reactions in the dark have also been measured by 
mixing 25 o.c. of each of the solution of the reducing agent and 
25 с.с. of the same squeous iodine ab 26° and titrating with a 
standard sodium thiosulphate solution. ‘Two of the photographs 
showing increased light absorption by the mixtures, are reproduced 
in Figs. 5 and 6. | m 

In Table Ithe increased light absorption by mixtures of the 
reducing agents and iodine and the comparative velocities -of 
the reactions in the dark at 25° are recorded. 


TABLE L 


Amount of N/9871:9 thio con- 
Reactants. -increased sumed after 6’. 
absorption. (Dark velocity 
in decreasing order) 


1. Hydrazine sulphate (2 c.c.) + cono, НО] Almost ni Extremely rapid 
1. Hypophosphorous acid 28А 5°7 c.c. (in 8.) 
2. Bodiam formate 78 4'9 
4. Ferrous sulphate 880 2°85 
5. Bodium malonate 78 16 
6. Bodium nitrite .. 1605 13 
7. Sodinm citrate | 248 0:05 
8. Sodium lactate 78 0'9 
` 9. Sodium malate 877 0'8 
10. Acetone 518 06 
11. Sodium tartrate 78 0'6 
12. Phosphorous acid Almost nul Nil 


18. Potassium oxalate 518 A Ni 


632 М. В. DHAR AND P. К. KAR 


The right column shows the amount of sodium thiosulphate 
consumed in 6 minutes in decreasing order, i.e., the order of the dark 
velocity of the reaction between the reducing agents and iodine. 
The central column gives thé amount of increased light absorption 
with mixturers of reducing agents and iodine under identical 
condition. 

From the above table we find that the dark velocity of the 
reaction between potassium oxalate and iodine is practically nil.in 
6 minutes, but the amount of increased light absorption is 518A, and 
the dark velocity of the reaction between sodium formate and iodine 
is fairly high but the increased light absorption is only 7 ВА. Simi- 
larly the velocity of reaction between hy pophosphorous acid and 
iodine is great but the absorption is as low as 28À. 

Hence, it can be stated that no quantitative relation exists 
between the dark velocity of reaction and the amount of increased 
absorption. 


Relation between the Heat of Reaction and Amount of Increased ` 
Light Absorption. 


In order to study how the binding forces of the molecules of 
iodine are weakened by the presence of reducing agents, the heat of 
the reaction between the reducing agents and iodine solution was 
determined. 

Experimental procedure.—The heat of the reaction was esti- 
mated calorimetrically, a highly polished silver calorimeter being 
used. The calorimeter was placed in an air-jacket, and the whole 
apparatus was enclosed in a wooden box and the experimental room 
was Closed on all sides in order to avoid a draft and thus ensuring 
against external temperature variations. A Beckmann thermometer 
was used to note the temperature. The reacting solutions were 
placed in & thermostat so that the temperatures of both the solutions 
were constant, The calorimeter was tested by putting in 50 o.c. 
of water in it and noting the temperature at intervals. It was found 
that the temperature remained constant for 5 hours. 25 C.o. of the 
reactants were put in the calorimeter and the temperature of the 
mixture noted after stirring well. The rise in temperature of the 
mixture was noted at regular intervals until the temperature of the 
mixture was constant. Hach experiment was repeated and the mean 
of the two results is recorded. 25 C.c. of each solution were mixed 
in all cases. The results are recorded in Table II, | 
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TABLE IL. - 


Heat of reaction between reducing agents and iodine solutions. 


Composition of the : Period to Heat of 
mixtures. Initial temp. Final temp. attain final reacbion per 
temp. g. atom of Та, 

M-NaN0O,+ N/826'4-I, 128° 2°70° T$ hr. 1,078,856 Cal. 
М [b-Fe8O, + N/61:85-I,  Qrg4* 4°64° 53 267,004 
M/5-Na-formate + N/65°8-Ig 11° 1°61° 43 18,702 
M/H3P0s4 + N/09:8-1, 145° 1:695° 3 21 ,206'4 

TABLB ПІ 

Amount of increaged 
Reducing agents. absorption with mol. conc. Heat of reaction. 

of reactanta. 
Hypophosphorous acid 93 А 21,226'4 Oal. 
Bodium formate 78 78,702*0 
Ferrous sulphate 860 957,904*0 


Bodium nitrite 1605 1,078,856'0 


The order of increased light absorption is NaNO,g> Fe80,> 
H'CO,Na> HPO; and the heat of reaction follows the same order. 
Moreover, it has been calculated from thermochemical data by Dhar 
and Bhattacharya that the heats of the reactions of potassium 
oxalate and halogens are as follows: K4050,--COlg, 84 Cal; 
K93050, + Brg, 62 Cal; KgC40, -- I5, 82 Cal; and their light absorp- 
tions also follow the same order, viz., the absorption due to K4050, + 
‚ Clg is the maximum, then comes K,C,0,+Brg and lastly 
K3050, +I}. 


It appears, therefore, that the greater the heat of а reaction, 
the greater is the chance of the loosening of the binding forces of the 
molecules and consequent increased light absorption. 
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SUMMARY. 


1. Increased light'absorption for mixtures have been observed 
in the ultraviolet, and visible regions but not in the infra-red region, 
with several reactions involving aqueous iodine, 

5. Tho increased light absorption is due. to activation: of mole- 
cules which is associated with the weakening of the binding forces 
of the molecules. = E T ds e 

8. No quantitative relation, exists between the velocity of a 
reaction in the dark and increased light absorption. | 

4. It appears that the heat of-the reaction and- increased light 
absorption by mixtures go hand in hand. - 


CHEMICAL LABORATORIES, 
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‘Action of Chlorine and Bromine on Coumarin-4- and 
Coumarin-8-acetic Acids: Coumarin-3- and -4-halo- 
genoacetic Acids and 4-Halogenomethylcoumarins. 


By B. B. Day Амр (Miss) К, ВАРНАВА!. 


Coumarin-8 апа 4-acetic acids comprise within their molecules a 
double bond between carbon atoms 8 and 4 in the pyrone ring and 4 
reactive methylene group attached to either of these atoms. A study 
of the action of chlorine and bromine on these acids was, therefore, 
expected to yield results of considerable interest by revealing the 
relative affinities for halogen of the methylene group and the ethe- 
‘noid linkage. Ifthe usual rule of the halogen attacking primarily 
the double bond in the pyrone ring were followed in this case without 
the interference of any possible influence exerted by the reactive 
methylene groups, an unstable dihalide readily changing, in the case 
of the coumarin-4-acetic acids into the 8-halogeno acid and in the 
саве of the coumarin-B-acetic acids into the 4-halogeno acids should 


> 


result thus :— 


О О О 
J/N /NCO CO /\/\CO 
OA. 800... Ор 
Z C Br 


NZ NZ CH CH-Br 
. CCH, COOH C-Br'CH, ‘COOH CCH, 'COOH 
О 
үү Br ACO 
| и Y » 
{олсон соон CBr'CH,‘COOH 
CH OH'Br 
О 
„хоо 


\Y COH4'000H 
C'Br 


| U 
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Tt is to be noted, however, that if the induced polarities of carbon 


atoms 8 and 4 in the crotonoid system —ÓH = ÓH —Ó <ð, contained 
in coumarins be taken into account, they would be expected to 
influence materially these reactions and diminish greatly the proba- 
bility of bromine being added to the double bond, particularly in cou- 
marin-8-acetic acids. 


Preliminary experiments showed that there was | very ‘little action 
at laboratory temperatures and exposure to direct sunlight did not 
effect any improvement. ‘The best results were obtained by heat- 
ing in glacial acetic acid at the temperature of the boiling water bath 
though in the case of the coumarin-4-acetic acids, a considerable 
amount of decarboxylation ensued and the product, a mixture of the 
halogenated acid and the decarboxylated body, had to be- separated 
finally by cold sodium carbonate... It was observed ав a general rule 
that decarboxylation occurred to a smaller extent with the chloro 
than with the bromo acids, the neutral compound being. the main 
product obtained in the latter case under the conditions of experi- 
ment. §8-Naphthapyrone-4-acetic acid provided the опу 
exceptional case in which neither chlorination nor bromination 
caused any appreciable decarboxylation, but, the product 
in this case is differently constituted. The halogenation of the 
eoumarin-8-acetic acids was found to proceed much more slowly, 
а period of 5-6 hours- heating at 100° being normally-required for 
completing the reaction. There was, however, no decarboxylation in 
this case and the product dissolved completely in cold sodium car- 
bonate. This is to be explained by: the superior stability of the B. 
acetic acids which unlike the 4-acetic acids; do not decompose. 
even at their"melting points (cf. Dey and Sankaranarayanan, loc, cit.). 


The halogenated acids, as is to be expected, proved to be stronger 
acids than the parent compounds ; while the latter were easily libera- 
ted from a solution of their sodium salts by dilute acetic acids, the 
halogenated bodies did not separate from the alkaline solutions until 
they were treated with mineral acids. This difference has been uti- 
lised in working out an excellent method of separating a mixture of 
the two acids. The halogenocoumarin-4-acetic acids decomposed at 
their melting points quantitatively into CO, and halogeno-4-methyl- 
coumarins which were found in every case to be identical with the 
product, insoluble in sodium carbonate, obtained during halogena- 
tion. "These were neutral compounds, very sparingly soluble in boil- 


р 
Ee 
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ing alcohol and having an irritant action on the skin. Nascent hydro- 
gen (zinc-copper couple) reduced them to the 4-methylcoumarins; 
the о of halogen by hydrogen occurring smoothly and 
quantitatively. - 

The position of the halogen in the products is deduced -from the 
following considerations: That the halogen could not have entered 
the benzene ring is proved by (a) their behaviour with boiling aqueous 
alkali which completely removes the halogen, and (b) oxidation, 
halogen-free salicylic апі hydroxynaphthoie acids or their homolo- 
gues being formed. Their remains little doubt, therefore, that the 
halogen has either entered the pyrone ring or substituted one of the 
methylene hydrogen atoms, the following alternative structures for 
the halogenated coumarin-4-acetic acids thus becoming possible :— 


‚© XX. О 
CO ` УТ 
LA OH исх 
C-CHX-COOH C'CH4'COOH 


(I) (LT) 


16 has been easy to decide between these two constitutions by, 
studying the products obtained by (a) decomposition at their melting 
points and (b) heating with alkalis. The compounds formed by 
loss of. COg were found to be quite different from the- 8-halogeno-4- 
methylooumarins which have been prepared directly -trom . 4-methyl- 
coumarins by treatment with halogens (Simonis and Wenzel, Ber. ;, 
1900, 88, 1901 ; Fries and Lindemann, Annalen, 1914, A04, 65 ; Dey 
and Dalal, J. Chem. Soc., 1928, 128, 3886) and also in a few cases by 
condensation of a phenol with a-chloroacetoacetic ester (Dey, J. Chem. 
Soc., 1915, 107, 1606). Thus, while 8-bromo-4-methylcoumarin 
(Simonis and Peters, Ber., 1908, 41, 882) melted at 115°, the bromo- 
4-methylcoumarin obtained by decarboxylation of the bromocoumarin- 
4-acetic acid was found to melt at 176°, similarly 3-bromo-4-methyl- 
a-naph$hapyrone (Dey, loc. cit.) melted at 232°, while the correspond- 
ing product of decarboxylation of the anaphthapyrone-4-acetic acid 
derivative melted at 197°, the melting points being considerably 
lowered in both cases by admixture. 

A clearer proof of the view that the halogen atoms were not 
attached to position 8 in the pyrone ring is derived from R^ study of 
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the action of alkalis on these compounds. The products were well 
crystallised unsaturated acids isomeric with, but quite different from 
the benzfuran-2-carboxylic acids which have been prepared from the 
8-halogenated coumarins. Structure (I) must therefore be accepted 
for these acids. 


Bo-1:2-Naphthapyrone-4-acetic acid forms, however, a solitary 
exception to this general rule. A careful examination of the product 
obtained by decarboxylating the halogenated acid showed that it was 
not the hydrogen atom of the reactive methylene group but that 
attached to the carbon atom 8 which had been replaced by halogen. 
The bromo-f-naphthapyrone-4-acetic acid decomposed on melting into 
a bromo-4-methyleoumarin which crystallised from alcohol in needles 
(m. p. 146°), not depressed by admixture with an authentic specimen 
of B-bromo-4-methyl.Ba-1:2-naphthapyrone (Baeoveseu, Ber., 1910, 
#3, 1280). Similarly, the product of chlorination of 8-naphthapyrone- 
4-acetic acid yielded on decomposition a product (m.p. 187°), which 
was identified ав 3-chloro-4-methyl-Ba-1:2-naphthapyrone by preparing 
а specimen of the latter by the condensation of -naphthol with 
ethyl a-chloroacetoacetate in presence of sulphuric acid and 
determining the mixed melting point. Morsover, the results of alkali 
treatment of these bodies are in complete accord with the theory that 
they are 8-halogenocoumarins. Thus, the chloro derivative gave a 
mixture of 8-chloromethyl-8-naphthacoumarinic acid (m.p. 149°) (Dey, 
loc. cit.) and 8-methyl-8-naphthafuran-2-earboxylie acid (m.p. 240°) 
(Dey and Lakshminsrayanan, private communication), while the bromo 
derivative yielded the same furancarboxylic acid (m.p. 242°) together 
with a product melting st 184° which has been shown (Dey and 
Lekshminarayanan, private communication) to be 2-hydroxynaphthyl- 
a-propionic aldehyde. The evidence is summarised in the following 
scheme. 


Y 2 






CH,’ 
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CX CH 
Me'C ^Y. Me'C ZA CO 
—7004 x(Br) 
О Qr 
| | 
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Я x 
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| OH Месо 
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| CH-CI 
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| | COOEt 
/ 
JE 
м 
ra 
orn Ме'С= СНОН 
AZ NOH  —o9 уон 
И Ад] 
б | Y 
ur iL Me'C=C'COOH Me'CH-CHO 
| | | 
ONa их O OH 
x(cl, Br) | 
— 


(m.p. 242?) (m.p. 184°) 


It is perfectly certain, therefore, that there is a sharp difference 
between B-naphthapyrone-4-&oetic acid and all the other coumarin-4- 
acetic acids examined in this paper, this being the only instance in 
which the ethenoid group and not the active methylene group has 
been found to be attacked by the halogen. We have only to record 
this fact for the present and wait further observations before attempt- 
ing to offer ап explanation of this phenomenon. 
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We must in this connection correct an error which has found its 
way into literature regarding the nature of. the product obtained by 
ohlorinating 6-methyleoumarin-4-acetic acid (Dey, J. Chem. Soc., 
1915, 107, 1685). The conditions of experiment were practically 
the same as those adopted by us, but although the melting points of 
the products agree closely with those obtained in the present investi- 
gabion, the conclusion that they were 8-chloro derivatives is obviously 
wrong as they have now been definitely proved to be 6-methylcou- 
marin-4-chloroacetic acid and 6-methyl-4-chloromethylcoumarin res- 
pectively. The product (m. p. 244°) obtained by boiling this chloro- 
acid with alkali, too, is not the 2-carboxy-5-methylbenzfuran-3-acetic 
acid as recorded in literature (Dey, loc. cit.) but must now be regarded 
as & member of the isomeric dihydrofuran derivative having the 


following structure : 
TT жшше 
oa C=CH'COOH 


The formation of these dihydrofuran acids from the coumarin-4- 
chloro- and bromoacetic acids and from the 4-chloro- and 4-bromo- 
methylcoumarins has been extensively studied and the mechanism of 
the reaction completely elucidated. By analogy tothe action of alkali 
on 8-halogenocoumarins, the process is to be represented as follows: 


} 
‘и 


К; О 
TS CO | AN ONa 
| CHX-COON&a F 
NZ CH TS | ru 
C'CHX'COOH .: —OH-OOO0Na 
О 
| A \CH'COOH 
— 


CzOH:-COOH. 


w ~ 


They form dimethyl and diethyl esters readily, instantly decolourise 


alkaline permanganate and take up 2 atoms of hydrogen when reduced 


catalytically in. the presence of platinum oxide. The 4-chloro- and 
4-bromomethyleoumsrins are similarly converted into unsaturated 
monocarboxylic acids (A). | я 
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These yield monoalkyl esters and anilides and are readily hydroge- 
nated to the saturated acids. The results of analyses and determina- 
tion of molecular weights, as wellas their chemical behaviour leave 
little room for doubt regarding the constitutions assigned to them and 
the. mechanism of the reaction which gives rise to them, They have 
to be regarded as dihydrofuranone derivative and have been designated 
as 2-carboxydihydrofuranonyl-3-acetic acids and dihydrofuranonyl- 
8-acetic acids respectively. Attempts to convert them into the 
corresponding ketone or furanones by oxidation under various condi- 
tions were, however, unsuccessful, the molecules being completely 
broken up during the process. It is not improbable that the difficulty 
in getting the expected furanone arises from the presence of the 
characteristic glutaconic system which might cause а tautomerism of 
the following type in these acids. 


. 0 О 
/\/\CE Хон 
Ou C 
C-CH-COOH “—~C'CH, COOH 
(A) | 


Several unsuecessful attempts were made to confirm the consti- 

tutions of the 4-halogenomethyleoumarins and hence of the coum- 
arin-4-halogenoacetio acids by other methods and a brief reference td 
some of the more important of these would not be out of place here. 
. The action of potassium cyanide was examined with the object of 
preparing the methocyanide, the subsequent hydrolysis of which to 
the coumarin-4-acetic acids might settle the constitution of the 
halogeno-4-methylcoumarins thus: 


О | О 
а Моо 


` KON & | |. 
Jo —— | 
2 NZ CH hydrolysis N SNI OH 
‚ Y. (OHSBr O-OH,'COOH 


The reaction was presumably complicated by the simultaneous addi- 
tion of.the reagent to the. double bond and no orystalline material 
could be isolated from the ees resinous mass which was 
always produced. 

; Several attempts were made to —€— the halogen by OH, NH, 
and Ca4H NH. groups hy- treatment with appropriate reagents but 
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they were all unsuccessful. The halogen seems to be held very 
firmly and not a trace of it was removed even on heating with moist 
silver oxide at 100° for 8 hours. In contrast with this is the 
behaviour with aqueous alkali which eliminates the halogen com- 
‘pletely in the course of a few minutes. The difference is obviously 
to be explained by the fact that the alkal does not initially attack the 
bromine but that it is the pyrone ring which is first opened up, the 
subsequent rearrangement to the stable benzodihydrofuran ring 
involving the interaction of the bromine and the phenolic hydrogen. 
The preparation of compounds of the Grignard type with magnesium 
in dry ether was also attempted without success. 


The oxidation of the 4-halogenomethyleoumarins to the halogen- 
free salicylic and hydroxynaphthoic acids has, however, been success- 
fully accomplished, almost theoretical yields being obtained by 
carrying out the oxidation with permanganate in acetone solution. 
Similarly, reduction with nascent hydrogen was found to succeed 
best on refluxing an aqueous acetone solution of the substance 
with zino-copper couple, the corresponding 4-methyl- 
coumarins being obtained in quantitative yield. Experiments are 
now in progress for synthesising these halogenomethyleoumarins by 
the condensation of phenols .with y-halogenoacetoacetic ester and 
thereby obtaining conclusive evidence of their constitution. The 
resulta will be communicated very shortly. 


The monohalogenocoumarin-3-acetic acids are on the same 
grounds believed to be similarly constituted, the metHylene hydro- 
gen atom being replaced by halogen. These acids are very stable 
and cannot be decarboxylated in the usual way into the correspend- 
ing methochloride ог methobromide. The oxidation to the halogen- 
free salicylic acids and reduction to the parent coumarin-8-acetic 
acids are, however, readily effected, and the halogen is as easily 
eliminated by boiling alkali as in the case of the corresponding 
4-acetic acid derivatives. Attempts will be made to synthesise 
similar products from phenols and a-aceto-a’-chlorosucecinie ester: 


The action of alkali on these acids is very. interesting, the com- 
pounds formed being regarded аз benzpyrane derivatives. A dicar- 
boxylic acid should normally be produced, but one of the two 
carboxy! groups, most probably the one attached to position-8 which 
is known to be unstable, loses ОО. and a ‘monocarboxylic acid 
results. Analysis, molecular weight determination and the general 
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chemical properties of the acids are in complete agreement with th e 


formula given. 


О | | ONa 
\ CO — Y 
ZCOHBÁCOOH = NN CHBr'COONa 
ČH CH=C€ 
COON& 


OH 


О О 
OH-COOH OH-COOH 
<— 
| CH NZ0.000H 
CH | 
EXPERIMENTAL, 


The coumarin-4-acetic acids were prepared directly from citric 
acid by the method developed in an earlier investigation (Dey and 
Row, J. Indian Chem. Boo., 1924, 4, 110). 

7-Methylcoumarin-4-acetic acid.—9 С. of this acid (m. p. 190°), 
4 р. of 4:7-dimethylooumarin (m. p. 184°) and another product 
orystallising from acetic acid in stout needles (m. p. 210°) were 
generally obtained from a mixture of citric acid (24 g.), m-cresol 
(10 g.) and sulphuric acid (82-15 о.с.). - 

7-methylooumarin-4-bromoacetic acid.—The  unerystallised acid 
(4 в.) was heated with а 50 № solution of bromine in glacial acetic 
acid (7 о.о.) on the boiling water-bath for about 45 minutes. There 
was copious evolution of HBr апа the solution which became clear 
and almost colourless deposited on cooling 8'9 р. of crystals. The 
major portion of this dissolved in cold sodium bicarbonate leaving 
an insoluble residue which after washing with alcohol, weighed 1°5 
g., m.p, 227-28°. The clear filtrate was carefully acidified with 
acetic acid, the turbid liquid filtered again and dilute hydrochloric 
acid added when the bromo acid slowly separated out, yield 2°8 g. 
Crystallisation from 60 % alcohol (charcoal) gave clusters of colour- 
less rods, m.p. 228°. It is insoluble in water but dissolves readily in 
alcohol, acetic acid and other common organic solvents. (Found: 
С, 48:6; Н, 2:84; M.W., 204'0. C1 gH, O4Br requires C, 48:5; H, 8*0 
per cent. M.W., 297). 


9 


^ 


* 
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. The ethyl ester was prepared by saturating the alcoholic solution 
of the acid with dry HCl, pouring into water, washing the precipitated 
solid with cold sodium carbonate and orystallising from alcohol. 
Colourless needles, m. р. 144°. (Found: C, 61°62; Н, 8°97, 
О. 4H,30,. Br requires C, 51°69 ; Н, 4'0 per cent). 

The methyl ester separates from hot methyl alcohol in colourless 
stout needles, m. p. 162°. (Found: C, 50°07; H, 8°50. O, SH, 104 Br 
requires C, 50:1 ; H, 8°54 per cent). 

6-Methyl-2- бон 20600 acid.—The bromo acid 
(2 р.) was boiled for an hour with caustic potash (6 р. in 20 е. c. 
water) and the clear yellow solution cooled and acidified. The white 
precipitate was purified by reprecipitating from a cold bicarbonate 
solution and crystallising twice from boiling water as colourless needles, 
m p. 281°, yield 1'4 р. The acid is very soluble in alcohol and acetic 
acid and sparingly soluble in hot water. It is quite stable and does 
not decompose at its melting point. (Found: C, 61:27 ; Н, 4°82 ; 
M. W., 282/2. C,4H,40, requires C; 61°55 ; Н, 4°27 per cent. 
M. W., 234). 

The diethyl ester, prepared in the usual way, separated from 
dilute sleohol in soft needles, m. p. 118°. (Found: С, 66°34 ; 
Н, 612. C,4,H,40, requires C, 66°21 ; Н, 6°21 per cent). : 

The dimethyl ester crystallised in slender needles, m. p. 88°. 1 
is rather easily hydrolysed to the acid (m. p. 281°) by dilute alksil. 
(Found: С, 64°22 ; Н, 5°22. ©,,H,,0, requires О, 64°12 ; Н, 5°84 
per cent). Е. | 

7-Methyl-4- bromomethyleoumarin. — (a) From the decomposition 
of 7-methyleoumarin-4-bromoacetic acid. The acid (1 g.) was heated 
to 225-80° until the melt became clear and free from bubbles. . The 
product was washed with sodium carbonate and aloohol and finally 
crystallised from boiling acetic acid as shining plates, m. р. 286°. 


.(b) From the product of direct bromination of 7-methylcoumarin- 
4-scetic acid. The insoluble residue, m. p. 227-28? (vide supra) was 
found to Бе practically pure 7-methyl-4-bromomethylcoumarin. 
Crystallisation from acetic acid furnished colourless plates, m. p. 286° 
not depressed by admixture with the other product. The substance 
is remarkably stable and on heating sublimed in the cooler parts 
as fine needles. (Found: О, 52°80; Н, 8°47; Br, 31°42: a dd 
requires C, 522; Н, 8:66 ; Br, 81°60 per cent). 

6-Meithyldihydrofuranonyl-8-acetic acid. —The clear sallow solution’ 
obtained on boiling the bromomethylcoumarin (1 g.) with 80 % KOH - 
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o (10 с. о.) was cooled in ice and.aoidifled with dilute hydrochloric 
acid. The product separated out slowly in snow white needles, 
completely soluble in sodium bicarbonate. 16 dissolves readily in 
hot water апа crystallises on cooling in silky needles, m. p. 107°. 
It dissolves in concentrated sulphuric acid with a deep brown colour 
and instantly decolourises dilute permanganate and bromine water 
in the cold. Jt is very stable and melts on heating to a clear 
liquid without decomposition ; after fusion with KOH and a few drops 
of water at 200° the acid is recovered unchanged. The barium, 
calcium and silver salts are sparingly soluble, while the methyl and 
ethyl esters are obtained as sweet smelling liquids insoluble in alkali. 
[Found: С, 69°81; Н, 5:22; M. W., 189. 0©,,H,,0 3 requires 
С, 69:05 ; Н, 5°26 per cent. М. W., 190. Ag (in silver salt), 86 21. 
С: НоОз Ag requires Ag, 36'85 per cent]. 

The anilide crystallised from hot alcohol as long needles, m. p. 
‘161°. (Found: М, 6:58. C,7H,,0,N requires М, 5'8 per cent). 

‹ Oatalytic reduction of 6-methyldihydrofuranonyl-8-acetic acid: 
6-Methyldihydrofuran-8-acetic acid.—Freshly prepared platinum oxide 
(0'1 р.) was added to a solution of the acid (0'6 р.) in alcohol (25 c. c.) 
and the solution shaken in contact with pure hydrogen under slight 
pressure until there was no further absorption (90 o. в. in about 2 
hours), After filtering the platinum oxide and distilling off the 
aleohol from the water-bath the residual solid was crystallised from 
hot water in colourless glistening plates, m. p. 180°. 16 does not 
declourise permanganate or bromine water instantaneously but only 
after standing for some time. (Found: C, 68°25 ; Н, 6'29. C1, H4,50; 
requires C, 68°75 ;H, 6°25 per cent). 

Reduction of 7-methyl-4-bromomethylcoumarin to 4:7-dimethyl- 
coumarin,——Freshly made zinc-copper couple (2 в.) was refluxed for an 


hour with & solution of the bromocoumarin (1 g.) in acetone (50 c. o.) 
and the hot solution quickly filtered. The crystals which came down 


on cooling melted at 180° after two orystallisations from alcohol. 
It was proved to be identical with 4:7. dimethyleoumarin by a mixed 
m, p. determination. 

Oxidation of 7-methyl-4-bromomethylcoumarin.—A solution T 
the bromocoumarin (1g.) in acetone (200 с. c.) was warmed to 40° 
and finely powered potassium permanganate (l' 8 g.) added in small 
quantities with vigorous shaking. The brown precipitate was filtered 
after 19 hours and washéd twice with boiling water. The yellow filtrate, 
on acidifying with dilute hydrochloric acid slowly deposited the acid 
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_ which orystallised from hot water (charcoal) as colourless needles, 
m.p. 176°. The acid is very soluble in alcohol, sparingly во in water 
and gives & deep violet colour with ferric chloride. It was identified 
with m-cresotinic acid, m. p. 177°. (Found: M. W., 1628. 
. CgHgO, requires M.W., 152). 

7-Methylcoumarin-4-chloroacetic acid.—A solution of 7-methyl- 
coumarin-Á-acebio acid (2 g.) in hot acetic acid (80 с. o.) was treated 
with a stream of chlorine (generated from 0°7 g. of permanganate) 
on a water-bath for half an hour, the clear cold solutions poured into 
water and the solid collected after 2 hours and treated with dilute 
sodium carbonate to separate the chloro acid from the chloromethyl- 
coumarin formed by spontaneous decarboxylation. The chloro acid 
crystallised from alcohol in soft needles, m.p. 170? (decomp.), yield 
1g. The residue after melting solidified and then melted at 274°. 
On heating the chloro acid with 20% alkali it was converted into the 
same oarboxydihydrofuranonylacetic acid (m.p. 281°) which had 
been obtained from the bromoacid. (Found: Cl, 18:82. M. W., 
249:0. ©,,gH,0,Cl requires Cl, 14°06 per cent. M.W., 252°5). 

The methyl ester crystallises from dilute aleohol in colourless 
needles, m.p. 160°. (Found: C, 58°72; Н, 3°98. ©,3H,,0,01 
requires С, 58°63; Н, 4°18 per cent). 

The ethyl ester separates from alcohol in sheaves of needles, 
m.p. 168°. (Found: С, 60°02; Н, 4°47. C,,H,,0,Cl requires 
С, 50°88; Н, 4°68 per cent). 

7-Methyl-4-chloromethylcoumarin.—The spontaneously decarboxy- 
lated product obtained during the chlorination (0°8 g.) crystallised 
from acetic acid in clusters of needles, m.p. 214°. Boiling alkali 
converted it into the 6-methyldihydrofuranony!]-8-acetic .acid (m. p. 
107°). (Found: Cl, 18:28. C,,H,O,Cl requires Cl, 17:86 per cent). 

6-Methylcoumarin-4-bromoacetic acid, prepared in the usual 
manner from 6-methylcoumarin-4-acetic acid, crystallises in needles, 
m.p. 168° (decomp.). On boiling with acetic acid and allowing to 
orystallise, в large amount of rectangular plates, m.p. 177°, were 
obtained. These were found to be the corresponding bromomethyl. 
coumarin formed by decarboxylation, yield 1'6 р. from 4'2g. of 
coumarin-acetic acid. (Found: Br, 26:4; M.W., 800°1. C,4H30,Br 
requires Br, 27'0 per cent. M.W., 297). 

The residue insoluble in sodium carbonate obtained during 
bromination weighed approximately 1`1 g. Crystallisation from 
acetic “acid gave rectangular plates, m.p. 177°. (Found ; Br, 81 82. 
C, /HgOgBr requires Br, 81°6 per cent). ' | 
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6-Methyl-A-bromomethylcoumarin.—]he methyl ester crystallised 
in thin needles, m.p. 170°. (Found: C, 50:83; Н, 8°38. C,;H,,0,Br 
requires О, 50'1; Н, 8:5 per cent). The ethyl ester, small needles, 
m.p. 146*. i 

Action of alkali on 6-mothtylcoumarin-4-bromoacetio acid: 5-Methyl- 
2-carbozydihydrofuranonyl-B-acetic acid.—This was prepared by the 
usual method and crystallised from water in snow-white needles, 
m. p. 244°. (Found: ©, 61:18; H, 4'2. M.W., 285. C,.H,,0, 
requires C, 61°54; Н, 4'2 per cent. M.W., 284). The dimethyl ester, 
m.p. 102°, and the diethyl ester, m.p. 182°, were prepared easily in 
the usual way. 

5-Methyldihydrofuranonyl-B-acetic acid was prepared by boiling 
the bromocoumarin (m.p. 177?) with alkali. The acid orystallises 
from water in silky needles, m.p. 104°, and decolourises bromine 
water and permanganate instantly. (Found: M. W., 189°5. 
C13H „Оз requires M. W., 190). 

Oxidation of 6-methyl-4-bromomethylcoumarin was carried out 
with permanganate in acetone solution, the acidified filtrate being 
repeatedly extracted with ether, evaporated and the residue purified 
by dissolving in sodium carbonate and finally orystallising from 
water in colourless needles, m.p. 149°, identical in all respects 
with p-cresotinic acid. 


6-Methylcoumarin-4-chloroacetic acid and 6-methyl-4-chloromethyl- 
coumarin.—1‘8 G. of the chloro acid and 0°8 g. of the chloromethyl- 
coumarin were obtained from 2 g. of the acetic acid by chlorinating in 
the usual way. The chloro acid crystallises from alcohol in aggregates 
of slender needles, m.p. 162° (decomp.). (Found: M.W., 249-4. 
C,4Hg0,0l requires M. W., 252°5). The chloromethyleoumarin 
erystallises from acetic acid in silky needles, m.p. 149°. (Found: 
Cl, 16°78. C,,HgOgCl requires Cl, 17:0 per cent). The chloro 
acid and the chloromethyleoumarin yielded with hot alkalis the 
dihydrofuranonyl derivative melting at 244° and 104? respectively. 
The methyl ester crystallises in thin plates, m.p. 156°. (Found: 
С, 58°6; Н, 8°92. C,,H,,0,Cl requires С, 68:5; Н, 4°18 per cent). : 
The ethyl ester crystallises in long needles, m.p. 146°, (Found: 
C, 60°1; Н, 4°88. C,,H,,0,Cl requires C, 59°9; H, 4°68 per cent). 
7-Methoxycoumarin-4-bromoacetic acid, prepared from 7-methoxy- 
coumarin-4-acetic acid, crystallises from alcohol in rectangular plates, 
m.p. 168° (decomp.). (Found: M.W., 814'8. C,.H)0,Br requires 
M. W., 818). 7-Methozy-A-bromomethylcoumarin crystallises from 


648 . B. В. DEY AND К. RADHABAI 


excess, of boiling acetic acid in flat needles, m.p. 204°. (Found: 
Br, 29:58. ©,,H,O,Br requires Br, 29°74 per cent). | 

‘6-Methoxydihydrofuranonyl-B-acetic acid, prepared from the 
bromomethyl derivative by boiling with 2N-alkali, orystallises from 
hot water in small needles, m.p. 126°. (Found: M.W., 20814. 
C14 H. 450, requires M.W., 208). 

Ooumarin-4-bromoacetic acid was obtained from coumarin-4-acetio 
acid in very poor yield, the main product being the bromomethyl 
coumarin. It crystallises from dilute alcohol in needles, 
m.p. 185° (decomp.). (Found: О, 471; Н, 2°4; M.W., 28073. 
C,,H,0,Br requires C, 46°6; Н, 2'5 per cent. M.W., 288). 
4-Bromomethylcourmarm crystallises from alcohol in needles, m.p. 
176°, (Found: Br, 88:1. C,9H,OgBr requires Br, 88:5 per cent). 

Benzodthydrofuranonyl-8-acetic acid was prepared easily by 
boiling 4-bromomethyleoumarin with alkali for a few minutes. 
It orystallises from hot water in snow-white needles, m. p. 
98°, instantly decolourising permanganate and bromine water. 
(Found: M. W., 174'4. C}gH,Os requires M. W., 170). 

a-Naphthapyrone-4-bromoacetic acid crystallises from aleohol in 
colourless plates, m. p. 190? (decomp.), yield 1:8 в. from 6 в. of the 
ругопе. (Found: С; 68:6; Н, 2:6. M. W., 8378. 0,,H,O,Br 
requires C, 54°0; Н, 277 рег cent. M.W., 888). - 

4-Bromomethyl-a-naphthapyrone, the main. product of the 
bromination, weighed 8 g. It ecrystallises from excess of glacial 
acetic acid in pale yellow plates, m. p. 197°. (Found: Br, 27:48. 
C,4,H30, Br requires Br, 27:66). 

a-Naphthadihydrofuranonyl-8-acetic acid crystallises from dilute 
alcohol in colourless needles, m. p. 180°. The silver salt was 
analysed. .(Found: Ag, 82:88. С,.Н,ОзАр requires Ag, 82:48 
per cent); | | 

Oxidation of 4-bromomethyl-a-naphthapyrone.—A solution of the 
bromo compound (21 g.) in acetone (120 с. с.) was treated -with 
permanganate (2:2 g.) and the oxidation allowed to proceed at the 
laboratory temperature for a couple of hours. The product was worked 
up in the usual way. Fine needles, m. p. 187° not depressed by 
admixture with an authentic specimen of 1-hydroxy-2-naphthoio acid. 

8-Втото-Ва-1 :2-naphthapyrone-4 acetic acid.—The Ва-1: :2-naph- 
thapyrone-4-acetio acid (6 g.) suspended in acetic acid was treated 
with bromine in the usual way. The product séparated at first as an 
oil which subsequently solidified to & yellow crystalline mass com- 


2 
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pletely soluble in sodium carbonate. Crystallisation from alcohol gave 
shining yellow needles, m. p. 188? (decomp.), yield: 2°7g. (Found: 
C, 58:8; Н, 2:81: 0, ,H40, Br requires C, 64:1; Н, 277 per cent). 

. The methyl ester oryatallises in soft needles, m. p. 172°. 
(Found: Br,28:60. C, ,H,,0, Br requires Br, 28°08 per cent). The 
еч eater crystallizes i in colourless rhombic plates, m. р. 189°. ` 

- 8.Втото-4. methyl- Ba-1: 2-naphthapyrone. —The bromoacetic acid 
was heated to 200° when the acid completely melted with effer- 
vescence. The solid residue was washed with sodium carbonate 
and crystallised from alcohol as colourless plates, m. p. 146°, not 
depressed by admixture with a specimen of 8-bromo-4-methyl-fa-1 : 2- 
naphthapyrone obtained by the direct bromination of the naphtha- 
pyrone. 

2-Carboxy- _B-naphthafuran- 8. acetic acid. —The bromo acid was boiled 
for an hour under. reflux with 2N-NaOH the: clear alkaline 
solution cooled and acidified and the solid crystallised from alcohol 
as colourless rectangular plates, m. р. 252°. (decomp.). 1%. does 
not decolourise permanganate and bromine water instantly as in 
the case with the -furanonyl acetic acide. (Found: M. W., 263°2. 
0,5H,,0, requires M.W., 270). On heating a pinch of the acid 
with resorcinol and sulphuric acid pouring into water and adding 
alkali bright green fluorescence is developed. The dimethyl ester 
orystallises from alcohol in square plates, m.p. 158°, The disthyl 
ester forms shining plates, m. p. 104°. 

8-Chloro-Ba-1 :2-naphthapyrone-4-acetic acid, prepared by chlori. 
nation in the usual way, orystallises from acetic acid in yellow plates, 
m. р. 152° (decomp.), yield 1°5’g. from 2°5 р. of the acid. (Found: 

M. W., 291'6. C©,,;H,O, Cl requires M. W., 288°5). The ethyl ester 
orystallises in plates, m. p. 184°. 


8-Chloro-4-methyl-Ba-1 :2-naphthapyrone, obtained by heating the 
above acid to 160-78° crystallises from boiling alcohol in stout 
needles, m. p. 187°, not. depressed by admixture with a specimen 
synthesised from £- парно and a-chloroacetoacetic ester by Pech- 
mann’s method. ` 


The chloro 221 and the 8- chloronaphthapyrone were converted 
by hot alkali into the carboxyfuranacetic acid (m. p. 252°) and the 
furanearboxylio acid (m.p. 249°) respectively. The latter was 
mixed, however, with the coumarinic acid (m. p. 149°). 
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Coumarin-3-bromoacetic acid. —Comarin-8-acetic acid (4 g.), sus- 
pended in glacial, acetic acid (15 в.с.) was treated with a 60% 
solution of bromine in acetic acid (7 с. o.) in the usual way. 
The resulting solid consisted entirely of the bromoacetic acid. It erys- 
tallises from acetic acid in glistening plates, m. p. 200°. The acid 
is remarkably stable and shows no signs of decomposition when 
heated considerably above its melting point. (Found: С, 46'1; 
Н,2:6; M. W., 279°7. C,,;H,O,Br requires С, 46°64; Н, 2'5 per 
cont. M. W. 288°0). 

The methyl ester crystallises in colourless needles, m. р. 94°. 
(Found: C, 48:5; Н, 8°21. C,gH,O,Br requires C, 48:5; H, 3°08 
` per cent). 

Benaopyran-2-carbozylio acid.—The bromoacetic acid (2 р.) was 
boiled for half an hour with 2N-KOH and the colourless potassium 
salt which slowly separated out was dissolved in water. The solid 
obtained on acidification crystallises from dilute alcohol in rectangular 
plates, m. p. 142°. It does not decolourise immediately bromine or 
permanganate. (Found: О, 68:0; Н, 4°71. Cy, 9HgOg requires 
С, 68°2; Н, 4°55 per cent). Thesilver salt was analysed. (Found: 
Ag, 87°81. C4,9H40$3 Ag requires Ag, 88°16 per cent). 
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A Note on Powell and Whittaker's Method for the 
Determination of Pentosans. 


By T. 8. KRISHNAN. 


The pentosan content of substances is generally determined by 
distilling with dilute hydrochloric acid, either directly or in а 
current of steam and estimating the furfural that distills over. 
Several methods have been proposed forthe determination of the 
furfural in solution. Amongst the most important are :— 

(1) The official method. (“ Methods of Analysis of Association of 
Official Agricultural Chemiste’’ 1980, 8rd Edn., p. 284). The furfural 
is condensed with phloroglucinol in acid solution and the furfural- 
phloroglucide filtered, washed, dried and weighed. From this weight, 
the amount of furfural ia calculated by using Króber's tables. 

(2) The bromine absorption method, in which the furfural is 
allowed to react with bromine, when each molecule of furfural 
absorbs four atoms. From the amount of bromine absorbed the 
quantity of furfural is calculated according to the above reaction. 

Pervier and Gertner (Ind. Eng. Оћет., 1928, 18, 1167, 1255) 
in an elaborate review of the previous literature, have condemned the 
various methods for various reasons and have recommended the bro- 
mine absorption method to be the best. Even in this case, they failed 
to get satisfactory resulta when excess of bromine was employed. 
Hence they use only the exact amount of bromine required, the 
end point being determined electrometrically. Their procedure is 
somewhat tedious. The suthor has also found the official phloro- 
glueinol method highly unsatisfactory for small quantities, whereas 
the bromine absorption method gave vary satisfactory results. Powell 
and Whittaker (J. Soo. Chem. Ind., 1924, 48, 85 т) have employed 
excess of bromine and obtained good results. Deshpande (J. Indian 
Inst. Bci., 1980, 18A, 110) after a comparative study of several 
methods, concludes that the bromine absorption method gives 
the best results. More recently, after the author had finished 
all his work, Kline and Acree (E. 8. R., 1982, 67, 864) also conclude 
that the-excess ‘bromine titration method is speedy and accurate 
over wide ranges of concentration, When Powell and Whittaker’s 
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method was employed by the author erratic results were obtained. 
Lack of proportionality in bromine absorption with varying concen- 
_trations of bromine in the reaction mixture was noticed. This 
defect was eventually traced to the influence of temperature and 
when the temperature was regulated highly satisfactory and very 
concordant results were obtained. ; 


The improved bromine absorption method (vide infra), besides 
giving very accurate and concordant results, even when only very 
small quantities of furfural are present, is also far simpler to mani- 
pulate, especially when а large number of determinations have to 
be made than the official phloroglucinal method. 
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EXPERIMENTAL. 


As the result of preliminary titrations the time of bromination 
was fixed at 90 minutes (Fig. 1). 


Preliminary titrations, - carried out according to Powell and 
Whittaker, showed that bromine absorption became relatively less 
ав the concentration of furfural in solution increased (Table 1). 
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TABLE I. 


Influence of concentration of furfural and bromine 
in the reaction mixture. 


Furfural solution used 


N]10-Br 5 c.c. 10 c.c. 16 ос, 20 c.c. 
used. 
20 с.е.  N/10-Brs absorbed | 
80 by total furfural 8'85 о.о.  T'bb o.c.  10'80 c.c. 18:46 c.o. 
20 Do 3-90 7°70 11:95 14°55 
80 per o.c. of furfural 0°77 0°75 071 0°67 
Do 0°78 0°77 0°75 078 


The above table shows that with the same initial concentration 
of bromine there is & progressive decline in the absorption with an 
increase in the furfural concentration. It also proves that with an 
increase in the initial bromine concentration there is an increase in 
the absorption, the concentration of furfural remaining the same. 

Preliminary titrations also showed that the bromine absorption 
was influenced considerably by a temperature factor. A standard 
solution of furfural was prepared and the bromine absorption of 
equal quantities was measured at two different temperatures. The 
figures are given in Table II. 


TABLE II, 


Influence of temperature on bromine absorption 


of furfuraldehyde. 
Quantity of fur- N/10-Brg. Brg absorbed at 16° by Brg absorbod at 80° by 
fural used. Total рег с.о, Total per c.c. 
goln. soln. 
5 o.c. 25 o.c. B'50 с.о 0°70 сс. 8'70 oc. U.74 c.c. 
10 Š 6°70 0°67 7-50 0-75 
15 i 9'25 0'62 1180 0-75 
20 " 11°55 0°58 14°90 0°76 
15 50 10'70 071 11°20 0°75 
Qt) - 18°50 0°68 15°00 075 


From the above table the following points are noted : — 

(1) Ab the higher temperature absorption is greater. — 

(2) Аъ һе higher temperature absorption is ‘quite proportional 
to the amount of furfural, the initial bromine concentration being 
the same in all cases. 
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(8) Atthe lower temperature absorption is not proportional to 
the amount of furfural, the relative absorption decreasing: with the 
increase in concentration of the same. 


(4) The absorption at 15° using 50 c. с. of bromine is dis- 
tinotly higher than that obtained with 25 c.c. But even 50 c. o. of 
bromine at this temperature do nob raise the absorption up to the 
80° level. On the other hand, working at 80° this very large excess 
of bromine (50 с.е.) do not raise the absorption above that obtained 
with only 25 с.о. 


To ascertain the optimum temperature of bromination an accu- 
rate standard solution of very pure furfural was prepared and the 
bromine absorption of equal quantities with identical bromine concen- 
frations was measured at different temperatures. The results are 
given in Table IIT. 


TABLE III. 


Bromine absorption of furfural at different temperatures. 
(1 C.c. furfural solution contains 0 0004565 g. furfural). 


Standard furfural М {10-Вгц. N/10-bromine absorbed at. 
solution used. 15" . 20° 9b* 80° 
6 o.c. 10 с.о. 0'90 c.c. 0'95 c.o. 0'95 cc. 0.96 c.c. 
10 10 1°80 1°99 1°85 1°90 
95 10 8'95 4°85 4°60 4°75 
50 cll 20 - 8°06 8:80 9:40 — 9°55 
50 50 9.00 9°45 — 9'55 


From the above table it can be seen that 80° is the optimum 
temperature for brominstion. At this temperature the bromine 
absorption is proportional to the concentration of furfural and is 
unaffected by variations in bromine concentration, 


Further at 80° 10 c.c. of the furfural solution absorb 4'75 с.о. 
N[10-bromine. This corresponds to an absorption of 4 atoms of bro- 
mine by each molecule of furfural. Therefore by measuring the 
bromine absorption by a solution of furfural at 80? and by taking 
1 c.c. of N/10 bromine to be equal to 0:0024 g. of furfural the accurate 
estimation of any furfural solution may be carried out. | 

The above experiments further show that at 80° a definite degree 


of bromination has been attained and this is not exceeded by  inoreas- 
ing the bromine concentration even considerably. 
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At lower temperatures, especially with higher quantities of 
furfural, this degree of bromination was not attained by using quan- 
tities of bromine equal to those employed at 30°. In this case, 
however, an increase of bromine concentration was followed by 
increased absorption. It is remarkable that at 15° even a consider- 
able increase of bromine concentration has failed to produce the 
degree of bromination attained at 80° with much lower bromine ' 
concentrations. The temperature factor is, therefore, most potent in 
this reaction. 


Comparison of the phloroglucinol precipitation method and 
the modified bromine absorption method for small quantities of 
furfural.—A series of experiments were done to compare the relative 
accuracies of the above methods for.small quantities of furfural. 


A solution of pure furfural was prepared and used for all the 
following tests. Equal quantities were taken and estimated by the 
official precipitation method, a modified precipitation method and by 
the modified bromine absorption method. In the modified precipita- 
tion method, the precipitation is carried out іп 200 c.c. instead of the 
400 c.c., all the other conditions remaining the same. A correction 
of 0:0026 (being half the official correction for the 400 o.c. volume) 
was made, The results are given in Table IV. 


TABLE IV. 
Recovery of pure furfural by different methods. 


Furfural found by 


Pare furfural Pbloroglucinol Bromine absorption 
taken. precipitation in at 80*. 
400 c.c. 200 с.о. 
vol. vol. 

' 0700898 g. 0°00424 0°00802 0:00928 
0*00456 0°00566 0*00406 0°00456 
0°01140 0°01277 0*01142 6'01140 
002280 002895 0:02890 0°02202 


It is readily seen from the above figures that (i) the offoirl 
method fails with small quantities, (й) the modification improves it 
somewhat, (iii) the bromine absorption method gives very satisfactory 
results. At higher concentrations of furfural the official and the 
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brom‘ne absorption method agree. А further proof of the failure 
of the official method for small quantities is given below. 


In the determination of pentosans in a sample of fodder, the 
distillate was collected in four equal fractions of 800 c.c. each at 
intervals of an hour, They were separately tested for furfural con- 
_ tent by the official phloroglucino! method and the шша absorption 

method. The results are given in Table b. 


Tasim V. 
Comparison of the official and bromine absorption methods, 


Hurfurs] as determined Бу 








Distillation Bromine absorption. Phloroglucinol pption. 
fraction. | | 
1 01875 . 01895 
а 0*0144 00220 
8 | | 0*0079 | 0*0150 
4 0-0054 0*0108 
Total 0°1652 0°1888 








This shows that the official precipitation method gives much higher 
values. With small quantities, the results are nearly 100% 
more than the bromine absorption method. Though there is likelihood 
of the bromine absorption figures being themselves slighlty higher, 
owing to the distillation of other bromine absorbing substances 
along with the furfural the official method gives far higher values 
and is, therefore , useless. This is due to the addition of ‘the 
correction, which in these small quantities absolutely vitiates the 
result, 

In another experiment, the distillate was collected in two frac- 
tions of 600 c.c. each and the furfural content was determined in 
each of the fractions separately and also after mixing in -the 
entire distillate by both the methods. In this case, the phloro- 
glucinol precipitation was done in 200 c.c. volume to minimise the 


errors (cf. Table VI). 
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Tasu VI. 
Kxpt. No. 1. Expt. No. 2, 
Furfural as determined by Furfural as determined by 


Distillation Bromine Phloroglueinol  Distillation Bromine Phloroglucinol 
fraction. absorption. precipitation. fraction. absorption.  precipiWetion, 




















1 01218 0*1220 1 0*1800 01318 

2 00977 0-0864 2 0*0169 0-0289 
Total 0°1490 0°1684 Total 0"1469 01559 
01490. 01860 0-1469 0-1898 


Here also 16 can be seen that whereas the bromine absorption 
method gives concordant results, the precipitation method gives 
higher valu es in the separate fractions, but curiously enough gives 
lower values in the mixed entire distillate. In the first fraction, 
both the values agree while in the second the precipitation 
method gives nearly 50 % more in spite of the lower correc- 
tion figure. = 

All the above data go to show the complete constancy and accuracy 
of the furfural estimations when carried out by the bromine absorp- 
tion method at 30°. 


SUMMARY 


1. It is shown that at 80° the absorption of bromine by furfural is 
proportional to the quantity of the same irrespective of the bromine 
concentration in the reaction mixture, corresponding to the absorption 
of 4 atoms of bromine per molecule of furfural. 

2. It is also shown that for small quantities of furfural the official 
method of precipitation with phloroglucinol fails to give accurate 
values, whereas the proposed bromine absorption method gives 
reliable figures. 

It is a great pleasure to acknowledge the valuable help and 
guidance given by Dr. Warth during-the course of this work. 
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An Improved Check Valve for Vacuum Pumps. 


Ву G. NARASIMHAMURTHY. - 


-Tt is a matter of common experience with vacuum pumps that 
even slight diminution in the rate of evacuation leads to the 
undesirable phenomenon of ‘back-suction’ often resulting in the 
spoilage of the experiments in progress. Moreover, the methods gene- 
rally adopted for maintaining vacua are highly wasteful ' requiring 
continuous use of energy or constant flow of water often over several 
hours. There is need, therefore, for a proper safety devise that will 
eliminate (i) rise in pressure consequent on some possible defects in 
the evacuating system, and (11) on the need for further. evacuation 
after the desired condition is attained. 

There are a few methods in common ` use for eliminating back 
suction but none of them would appear to be quite satisfactory. 
Among those which have been recommended, mention may be 
-made of the use of (a) floating bobs (usually the section of a rubber 
stopper) enclosed in a cylindrical tube right above the passage that 
connects with the chamber under evacuation, and (6) simple valve 
arrangement by cutting a slit in the stopper (Ind. Eng. Ohem., 
1928; 15; 82). Both the above mentioned traps were tried by the 
author but found to be unsatisfactory. | | | 

The following is the description of the new check valve which can 
be made from materials found ordinarily in any laboratory. А 
fairly stout cyclindrical glass tube (A) diameter of 8-4 em. is drawn 
at one end (Fig. 1) into an L-shaped tube, the narrower end of 
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which will be connected to the suction pump. The other end is 
closed with в one-holed rubber-stopper; a tube (C) (diamater about 
6 mm.) is passéd through the stopper and pushed in just upto the 
surface without protruding into the space above. Covering the 
major portion of the surface of the same stopper ів а thin strip of 
rubber (D) which is fixed in position with an adhesive. The position 
of the strip is indicated by the shaded portionin Fig. 2. Tube (B) 
which may be either fused in or fixed in position by a small rubber 
tube will be particularly useful, when a water pump is used. It 
helps to remove quickly any water that may collect on the top of 
strip D. 


The valve thus prepared is mounted on a bottle which helps to 
keep it in а vertical position (Fig. 8). Where the valve is intended 
-to maintain а very high vacuum (as'when a'Hyvac pump is used) a 
heavy metallic disc of diameter just wider than that of (А) and 
weighing about 100 в. will be useful in making the diaphragm settle 
evenly over the hole and thus effectively sealing the vacuum. 


In actual use, this valve comes next to the pump so that when the 
pump is disconnected, the reduced pressure in the evacuated portion 
is maintained. Repeated triels have shown that once the required 
vacuum is attained, the pump can be disconnected without any rise 
in pressure and the reduced pressure maintained for several days. ` 


The author’s thanks are due to Professor V. Subrahmanyan, for 
for his interest and helpful suggestions in the above investigation. 
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Glutathione as an Inductor in the Oxidation of 
| Glucose. : 


By C. C. РА тт AND М. В. DEAR. 


Hopkins (Biochem. J., 1921, 18, 286; 1926, 19, 787 ; J. Biol. 
Chem., 1922, 88, 627 ; 1927, 72, 185) and his pupils notably Harrison: 
(Biochem. J., 1924, 18, 1009), Dixon (Nature, 1929, 194, 619), Meldrum 
(Biochem. J., 1980, 24, 472, 1421) and others were successful in oxidi- 
sing amino acids, proteins and fats by air in presence of glutathione. 
They were, however, unable to oxidise carbohydrates in the same 
manner. | 

It is of interest to note that roughly two-thirds of the body energy 
necessary for human life are obtained from the slow combustion. of 
glucose and as the glutathione content of muscles, where animal oxi- 
dation is assumed to take place with the highest speed, is small, it 
сап be concluded that glutathione is not the chief catalyst or inductor 
responsible for carbohydrate oxidation, The glutathione content of 
different organs is highest in liver (072195), in kidney 0'14% and least 
in muscle (0°05%). | | . | - 

In continuation of our work on induced oxidation of glucose in 

presence of insulin (Dhar and Dube, J. Phys. Ohem., 1982, 86, 444), we 
“have carried on experiments on the induced oxidation of glucose in 
presence of glutathione. We have observed that dilute bromine 
water can oxidise glutathione solutions without affecting glucose. In 
all . һе experiments described in this paper, the glutathione 
was first oxidised by the addition of dilute bromine water before the 
glucose was estimated by Fehling’s solution. The experimental results 
show that contrary to the existing opinion, glutathione in solution 
can induce the oxidation of glucose by air at the ordinary temperature, 


EXPARIMENTAL. 


- All the experiments were carried out at the laboratory temperature ` 
of about 25°. In these experiments, a slow current of air was passed 
through a series of bottles containing 50% caustic potash solution, 
baryta solution and concentrated sulphuric acid to free the air from 
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carbon dioxide and bacteria. A measured volume of this carbon 
dioxide-free air was passed for a definite time through the solution of 
glucose containing glutathione and other substances such as ferrous 
hydroxide, cerous hydroxide, cupric hydroxide, manganous hydroxide, 
sodium phosphate, etc. The glutathione used was obtained from the 
British Drug Houses, London, and the py of 0°05 % solution was 5°5, 
and did not reduce Fehling’s solution. Extra pure glucose from 
(Merck) was used for the experiments. The volume of the solution 
to be oxidised was always made up to 100 o. c. by adding distilled 
water. “The ри of the mixture after oxidation did not materially 
differ from the Ps before oxidation. 


TABLE I. 


Amount of glucose oxidised in presence of 


Glutathione ду, passed. Duration solution of sodium phosphate contaming in в, 
added. of air 0°00 0°1440 0°2880 0°4820 
passed. (=0 0. о.) (=100.0) (=90 с. с,) (= 20 o. e.) 
0-00 g. — 180 litres 9 hrs. 05:% — 879€ ^ 44% 61% 
00  . 865 9 0-8 .. ‚. 93 B 
0*00 78-0 о... „ооз 1554 
0'05 - 18°0 0 2:8 ii'8 180 ' 151 
' 0°05 96-5 9 44 7. o 150 
(06 7180 80 ; 50*9 
0-10 180 9 4'0 195 Е 281 
^ Тав П. 
Vol.. of air Ва =: 18 lies during 9 hrs. 
. Amount of Bandas oxidised 
Substances used. ont in absance of in presence of 
glutathione. glutathione 
| ; " | (=0°С5 р) 
Sodium carbonate e . -0'10 g. 297 % 14°0 96 
в » bicarbonate - E O10 - _ 85 ME ^ 858 >: 
„sulphite 010 162 1989 


The results recorded in Tables П and I show that in presence of 
glutathione, glucose is appreciably oxidised by passing air, and in 
presence of phosphate the amount of oxidation is increased. It 
seems that glutathione acts вв an induetor in the oxidation of glucose: 
in ‘presence of phosphate. 16 18 well known that the part which ` 
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phosphate plays in the animal -metabolism is unique. Moreover, 
when the amount of air or glutathione is increased, the amount of 
oxidation’ increases. In presence of sodium carbonate and sodium 
sulphite, the induced oxidation of glucose in presence of glutathione is 
retarded. . "a А 

In, catalytic reactions a mixture of two ог more catalysts is gene- 
rally found to be more effective than their additive values, Moreover, 
in the animal body s group of inductors, ¢.g., glutathione, internal 
secretions, vitamins (ascorbic acid) and other reducing substances of 
blood (ef. Annual Reports, 1980, p. 267) seem to take part in inducing 
the oxidation of food materials. АП these inductors’ are capable of 
taking up oxygen directly from the air at the ordinary temperature 
and the oxidation of the inductors possibly leads to the oxidation of 
the food materials. In order to find out whether the addition of 
inorganic inductors like ferrous hydroxide, cerous hydroxide to gluta- 
thione leads to the greater oxidation of glucose, the following experi- 
ments were carried out and results recorded below. - - s 


Т Tasis ІП. > 


-rexe 


Oxidation of glucose in presence of inductors, and Се (OH), and 
Fe (ОН). 


коч) g = 0*1069 g. Fe(OH), = 0:0468 в. 10' C.o. glucose 
solution = 0'2808 g.'CuO. 


Oerous hydroxide-- - -Ferrous hydroxide 


"4 


Na- or _ _ Na 
Glu- phosphate '  - Glu- ^ phosphate 
Air Dura- tathione added in Glucose tathione added in glucose 
passed tion. added: - 20 с. o.~- oxidised. added. - 200.0. oxidised. 
(litres). (hra.). of the of the 
Га solution. solution. 
96/5 18 000 g. 00000 g. 479% O00 д. 00000 д. 164% 
» ^» 000 09880 569 000 09880 18:8 
» „ 0% 00000 . 998 006 0000 ^ 181 
Р 2 0*05 02880 ` 80'4 0°05 0:2880 16-55 
780 390 000 00000 - 18-16 " 000 200000 883 
>, т ("00 — 02880 — 808 0'00 0:2880 51:8 
x M 0'03 00000 8659 0*05 00000 20:17 
а 7 005. 09880 68S - 0°05 0'2880 4808 
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TABLE IV а; 


Oxidation of glucose in presence of inductors, Се (OH), and Ее (OH), 
mized with varying amounts of Cu (ОН).. 


Се (OH), = 0:1069 g. Fe (ОН), = 0'0408 в. Cu (OH), = 0'0094 to 
0°00094 р. 10 С.е. of glucose = 0'2808 d of CuO. аре 
== 78 litres in 80 hrs. 


Cerous hydroxide. Ferrous hydroxide. 
| Na- Na- 
Cu(OH); Gluta- phosphate phosphate 
added. thione  addedin Glucose added in Glucose 
added. 20 c. c. of oxidised. 20 о. c. of oxidised. 
the solution, the solution 
000904 g.  0'00 р. 0'0000 g. 4807% 0 0000 g. 89'25 % 
000094 i id 849 " 50'8 
070094 " 02880 71:6 02880 57-0 
000094 Е с 86:5 — | - 617 
00094 0*005 0'0000 27*08 00000 84°57 - 
0:00094 2 856 _ » 44'0 
0-0084 з 0:2880 618 - 0:2880 550 
000094 n js 105 — c - 501 
Taste IV b. 


Oxidation of glucose i in presence of inductors, Ce (OH); and Fe (ОН) з 
mized with minute amounts оў Mn (ОН). 


Ce(OH)g = 0'1089 g. Fe(OH), -*0'0468 g. Mn(OH), = 0'00828 в. 
10 С.с. of glucose soln. = 0°2808 в. of CuO(before oxidation). 
Air passed = 86°5 litres in 5} hrs. 


Glucose left | 
Р Mn (0H) вла oxida- deed 
-Induotoys, - - p in - oxidised in 
| terme of terms о Glucose 
P $ бао. . Cn. oxidised. 
-Gerous hydroxide - 0.0000 g, 0'1854 g- - 00454 д, 19°67 % 
T ET ‚ ("008238 0:1808 0°1002 48°41 


Ferrous hydroxide 0*0000 0°2208 00100 ^^ 4-88 
| ao - ' (00828 01104 - 01114 48°26 
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Tanta V, 


Oxidation of glucose in presence of mixed iuductors. 


The principal inductor is Ce(OH), = 0'1069 в. or Fe(OH), = 
0:0468 g., the minor inductors being a mixture of Cu (ОН); 
(000004 g.) with Fe(OH), (0:00102) or Ce(OH), = 0'0026 в. 
in very small quantity. 10 О.о. of glucose solution = 0°2808 в. of 
CuO, and the volume of air passed = 78 litres in 80 hours. The 
minor inductors are put within brackets. 





Na- Na- 
Glotethoine йм “дш Gluathoie мр ана, 
20 с. с. of the oxidised. 20 c.c. of the oxidised. 
solution. solution. 
Се (ОН); = 0`1069 в. Fe (ОН) 0:0468 

СОН) + [Ou(OED, + ОН Fe(OH); + [Ce(OH)y + Cu(OH)s] 
«00 Ё. 00000 g. — 8029) - 0*00 g. 0:0000 g. 81:2% 

ii 0*2880 70°5 "m | 09880 60-5 
0*05 00000 4T'8 00 0:0000 472 

- 0'2880 4l'8 " 0°0880 48% 


TasLE VI. 


Oxidation of glucose in presence of small amount of inductors. 


10 C. o. of glucose taken =0`2808 g. of CuO. 78 litres air passed 


in 80 hrs. 


Glutathione added (g.) er 


Na-phosphate added in 
с, с. вош. (g.) 


Glucose oxidised (96) 


‘Glutathione added (g.) 


Na- Pee added 
20 c. c. soln. (g.) 


Glucose oxidised (96) 


Tasia VI. 


Ре(ОН\ == 00082 р. Ce(OH) 0*005 g. 


tie Áo gati 4 TT — à —— P 
Nil Ni 005 005 МІ Nil 0:05 006 
Nil 02880 Nil 0'2880 Nil 0'2880 Nil 0'2880 
195 915 578 85% 167 178 465 498 
Mn(OH's=0'0088 в. Cu(OH)$ = 000158 р. 
etn a nr nnn s ННЦ — ‘agp penne, 
Nil Nil 005 005 Ni Nil -0-05 0°05 





Nil 0°2880 Nil 02880 Nil 0°9880 Nil 02580 


. 1946 99:05 76°45 86°77 158 908 и 62°56 
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The results recorded in Tables.ITI— VI show that the addition of 
glutathione to cerous or ferrous hydroxide acting as an inductor leads 
to в decrease in the induced oxidation of glucose. Similarly gluta- 
thione also retards the induced oxidation of glucose by mixture of 
inductors consisting of ferrous hydroxide and cupric hydroxide or 
cerous and cupric hydroxides. When, however, the amounts of 
Gerous, ferrous, manganous or cupric hydroxide are small and vary 
“from 0'005 to 000198 g., the addition of glutathione markedly 
increases the oxidation of glucose. Similar results have also been 
obtained in the induced oxidation of tartrates in vitro. | 

Moreover, we have observed that the addition 'of small amounts 
of manganese to cerous or ferrous hydroxide acting as inductors in 
the oxidation of glucose markedly increases the induced oxidation of 
glucose as will be evident from the results noted in Table IVb. 

These observations in vitro are in agreement with those recorded 
in vivo. Hart,- Steenbock,- Waddell and Elvehjem (J. Biol. Chem., 
1928, 77, 797) showed that the presence of minute amounts of copper 
is necessary for the utilisation of iron in the formation of hemoglobin 
in the red blood corpuscles of the rat. The recent experiments 
of Orth, Wickwire and Burge (Science, 1984, 79, 88) indicate that 
copper is likewise necessary for the formation of chlorophyll i in the 
leaves of the orange trees. It is interesting to note that cattle,graz- 
ing on certain types of Florida pasture land develop a nutritional 
anemia, just as citrus fruit trees on certain lands become unhealthy 
and this may be cured by the use of iron and copper. 

Simlar observations of Lipman and collaborators (Plant Physiol., 
1926, 1, 281; 1981, 6, 593) indicate that in the absence of minute 
‘quantity of copper thé production of flowers is altered. Moreover, 
with barley in absence of small quantity of copper, not only flower 
and seed formation but also the growth are adversely affected. 
Recently Sommer (ibid, p. 889) obtained poor growth with flax, 
"tomatos and sun flower in the absence of copper but on adding 0°06 
part of copper per million parts of the medium, 12 to 40 times аз 

' much green matter was produced. 

In.previous publications (Compare, Dhar, '' New баер in 
Biochemistry," 1982), we have shown that the addition of nitrogenous 
-substances like glycine and alanine or salts of fatty acids like potas- 
sium stearate or oleate, retards the induced oxidation of glucose. 
In the following table, we have recorded the results on the induced 
ae of glucose due to the inductors Hie ferrous or cerous hy- 


Г, [id x М 
$34 M on ә м - = 
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hydroxide in presence of glycine or potassium oleate to which gluts- 
thione has been added in some oases, 


Tasia VII. 


Oxidation of glucose mixed with (в) glycine and (b) potassium 
oleate in presence of inductors, Ce(OH), and Fe(OH)g. 

10 C.o. of glucose= 072808 g. of CuO. 86°5 litres of air passed 
during 18 hrs. 


Се (ОН); used = 07106 р. 
glycine added =0'1 в. K-oleate added «0*1 р. 
Анна ue en ameter a PIN otro a ЛИ, 
Glutathione (g.).. Nil Nil 005 005 Nil Nil 005 005 


Na-phosphate (g.).. Nil  0'2880 Nil  0'2880 Nil 0°2880 Nil — 0'9880 


ogo 
oxidised(%) ...18'8 81:56 82 876 146 195 114 26 
Fe(OH}; used=0'0468 g 
Glycine added ==0-1 g. .. K-oleste added --0'1 g. 
Glutathione (g.).. Nil Nil 005 005 Nil Nil 008 005 
Na-phosphate (g.)..Nil 0°2880 МИ 09880 Nil  (0'2880 М 02880 


Glucose 
oxidised (95) ... 24°8 49°6 14°4 66°55 414 48°5 84'8 45:8 


The above table shows that in the absence of phosphate, gluta- 
thione appreciably retards the induced oxidation of glucose using 
ferrous or cerous hydroxide as the main inductor ; but in presence of 
phosphate, glutathione accelerates this induced oxidation of glucose. 


‚ Experiments in Sunlight. 
Taste VIII. 


Vol. of air passed = 18 litres during 9 hours. Temp =47°, 


. Amount of glucose oxidised in presence of phosphate 


Glutathione containing in g. 
added. 
0°0000 01440 . 0`2880 0`4320 
: (==О o. с.) (=10 с. о) (=20 о. о.) (*80 с.с.) 
0°00 д. - а'0% 9-7% 18'0% 18°6% 
0-05 84 148 22-1 28:9 
0'10 - 6'0 iT'g — = 
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ТАВЫ IX. 


Vol. of air passed —25 litres during 7 hours. Temp. —47^. 


Amount of glucose oxidised 
| in absence in presence 
Photosengitiser. Amount of gluta- of gluta- 
used. - thione. thione. 
(20:05 р.) 
1. Zinc oxide 0:50 g. 177% 974% .. 
2. Uranium nitrate 0°60 g. 96'2 99°0 
3. p " 0-10 g. 861 801 
4. Ferric nitrate 0°10 g. - -77'9 - -  88'8 
5. Animal charcoal 0°50 g. 4'b 5:8 
TABLE X. 
a . è 
Vol. of air passed —18 litres during 9 hours. Temp. = 47°. | 
~ Amount of glucose oxidised 
Bubstance used. Amount used. 
. in absence in presence 
of "glulsthione. of glulathione. 
(=0°05 р.) 
Sodium carbonate 5% 0:10 g. 41'89€4 , 208% 
» bicarbonate ... 010 29:5 89-5 ' 


The.above results show that in presence of sunlight, the induced 
oxidation of glucose in-presence of glutathione is increased.  Photo- 
gensitigers markedly accelerate the reaction, whilst animal charcoal 
is а poor accelerator. It appears, therefore, that sunlight is of import- 
ance in enhancing the oxidation of glucose in vitro as well as in the ' 
animal body. 


Е. G. Benedict (‘‘ The Physiology of Large Reptiles," Carnegie 
Institution of Washington, 1082, p. 514), has expressed the opinion 
that the relatively low heat production with ‘cold-blooded animals in 
comparison with the warm-blooded animals of the satne size is due 
to the difference in the distribution of the blood carrying the three 
important factors of metabolism, vis., oxygen, nutrients and hormones 
and that increased blood flow is associated with increased metabolism. 
In the cold-blooded animals the amount of blood is relatively less 
than in warm-blooded animal. The heat production in the body 


- 


— 
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seems to be controlled by the blood supplied to the tissues. Where 
there is a liberal blood supply to the tissues, the heat generation can 
be high ; where the blood supply is low the heat production must be 
low also. The blood distribution is not determined by the meta- 
bolism, because with man the same blood distribution may permit 
his metabolism to be increased 1000% in extreme oases. Lusk 
(* Science of Nutrition,” 1919, р. 105) has stated that in starvation, 
amongst the various body organs, the greatest loss in weight is 
suffered by the glands and their activity is greatly reduced. Taking 
the above points in sonsideration, it seems likely that the internal 
secretions acting as inductors largely control animal oxidation. In 
starvation, the amount of internal secretion available for accelerating 
the oxidation decreases and hence the metabolism is decreased. In 
violent exercise, the metabolism is highly increased probably due to 
the increase inthe oxygen intake and а greater supply of internal 
secretions from the various glands. It appears that although glute- 
thione and other reducing agents present in the blood are of some 
importance in animal metabolism, the chief inductor seems to be the 
internal secretions. 


SuMMARY. 


1, Glucose is appreciably oxidised by air at the ordinary tempera- 
ture in presence of glutathione. The amount of oxidation increases 
when phosphates are added. 

2. In presence of small amounts of cerous, ferrous, manganous 
or cupric hydroxide, the addition of glutathione markedly increases 
the oxidation of glucose. Similarly the addition of small quantities 
of manganese to cerous or ferrous hydroxide increases the induced 
oxidation of glucose. 

3. The induced oxidation of glucose in presence of glutathione is 
accelerated by light and photosensitisers further accentuate the 
reaction. 

4. There is по correlation between the glutathione content of 
animal tissues and the intensity of metabolism. It seems that 
internal secretions acting as inductors largely control animal 
oxidation. 


CukMICAL LABORATORIES, Received April 27, 1984, 
ALLAHABAD UNIVERSITY. 


aua rmm 


Determination of Parachor in Solution. Part I. 


Bv Susu. Kumar Ray. 


The determination of parachor at the present time has helped 
to solve many intricate and difficult problems of structural chemistry. 
The main drawback of the method is its limitations in the case of the 
liquid or fused state of matter only. There are substances of very 
high melting points, as well as compounds which decompose on 
fusion, the determination of parachors of which is either difficult or 
impossible. To get over this difficulty the present investigation 
was undertaken to find out the applicability of the straight line 
mixture, law in the determination of parachor of solids dissolved in 
liquids. An attempt was made by Hammick and Andrew (J. Chem. 
Soc., 1029, 754) to determine parachor of substances in solution. 
They considered a few simple binary liquid mixtures, and had shown 
that in solution parachor obeys the simple mixture law. No 
systematic investigations appear to haye been made in this direc- 


tion except a few isolated cases. In the present paper the surface 


tension and the density of the pure 'solvent as well as those of the 
solutions were determined and from a knowledge of the parachor 
of the former that of the solute was calculated, on the assumption 


' that parachors obey the straight line mixture law. 


The surface tension was determined by the method of maximum 
bubble pressure; the apparatus employed being of the usual Sugden 
type. The determination of parachors in solutions, particularly in 
dilute solutions, requires that all experimental data should be as 
accurate ag possible, All the substances used were, therefore, very 
carefully purified by distillation or repeated crystallisation, Pressure 
differences were read correct to 0°08 mm. and the error is probably 
not more than 0°01 mm. Three bubblers were employed for every 
observation and five readings were taken with each. The surface 
tension was calculated from the mean of these fifteen readings. The 
bubblers were restandardised before each mixture was investigated. 
Densities were determined by means ʻof a 10 c.c. specific gravity 


| bottle. 


‚. The parachor of the solute was calculated from the following 
relations, as in the work of Hammick and Andrew (loc, cit.), 
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Ри =Мь.т7 [р 
Ра —=Р(1—х)Р,.х 
Mm =M, (1—2) М;.х 


where 7 and D are the surface tension and density of the solution, 
Pa, Р and P, are the parachors of the solution, solvent and the 
solute respectively, while Mm, M, and М; are the respective mole- 
cular weights and æ is the molecular fraction of the solute. 

In the present paper data are given for seventeen different 
solutions. The solutes examined were simple organic ring-compounds 
in order to find out the effect of ring structure on the parachor con- 
tribution as well (cf. Ray, J. Indian Chem. Soc., 1984, 11, 499). The 
solvents employed were both associated and non-associated, of avery 
possible type with widely different chemical nature, so that any 
effeots due to surface adsorption might be detected. 

It wil be seen from the following tables that the determination 
of parachor of the solute in solution agrees very closely, with a few 
exception, with the values either calculated or determined in the 
fused atate. The agreement is most complete generally in very 
dilute solution and is dependent on the concentration of the solution, 
In this connection it is to be noted that in liquid mixtures the values 
are generally independent of the concentration of the solution as is 
evident from the work of Hammick and Andrew (loc. cit.): It is 
also of much interest to note that in the present series, the surface 
tension is increased by the dissolution of & solid in the liquid. Та 
liquid mixtures the contrary is generally found to be the case (cf. 
Harnmick and Andrew, loc. cit.). 

It wil be found that abnormal results were obtained in three 
cases, vig., naphthalene in chloroform and phenanthrene in acetone 
and in carbon tetrachloride. In the case of phenanthrene in acetone 
the value is found to be lower by about 60 units, while in the other 
two cases the values are higher by about 20 and 50 units. It is 
presumed that in these cases either association between the solute 
molecules or between the solute and the solvent molecules or some 
kind of dissociation is taking place, The small variations found in 
some cases are due probably to Gibb’s surface adsorption effect. 

In the following table, the parachor of the substances determined 
in the fused state, where possible, are given, so that the values 
determined in solution may be sompared, The density was deter- 
mined by means of a U-shaped pyknometer as employed by Sugden 
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ъ M * 7 


TABLA Г. . 
Temp. Density.  Burfaco Py, Pus. 
: tension. 
Naphthalene 80:8* 0-9761 82°08 312-8 (819.5 B&S) 81870 
a-Naphthol ево = rng 40-02 899-4 (986°7 B&B) 3880 
Coumarin ' 998 11780 41781 — 8159 8140 
8-Oxyquinoline 98:5 17971 89'868 399-8 898-6 


Phenanthrono ' 1990 1:080. — 83694 — 4904 4180 


Parachors of naphthalene and a-naphthol in the fused state have 
been determined by Bhatnagar and Singh (J. Indian Chem. Soc., 
1929, 6, 268). Е i 


- 


-Parachor in Solution. 


In the following tables x is the molar fraction of solute, Mm the 
the mean molecular weight of the solution; P,, the mean parachor 
and P,, the parachor of the solute. Except a few cases the deter- 
minations- of surface tension and the density were carried out 
between the temperature of 80-82°. 


TABER II. 


Naphthalene in benzene. 


х. Density. Miis M. - Р Py. Ре. 
00 ^ 08881 3788 ' T8 805-5 
0:08101 08808 . 98-54 79-55 208-9 319-6 
("04660 . 08847 98:80 . 8082 - A05  ’ 8111 
0°08569 08000 2919 89-97 9147 - — 8197 
0.09598 0'8046 99°46 83°79 715-8 810°7 
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Density. 


1:5920 
1:5876 
1° 5499 
18282 
1:5094 


Density. 


1'4701 
1:4472 
14185 
1:4179 


Density. 


0'9718 
09814 
0°9857 
0:9876 


Density. 


0*8885 
0:8904 
0:9014 
09185 


8160-6 


S, K. RAY 
mal. . 
Naphthalene in carbon tetrachloride, 

D Mg. Py, 
26°55 168°88 $19°3 
26°65 163:80 2097 
26-86 15952, 294-6 
97°10 151 ‘57 297 :8 
97-61 151'04 999 2 

TABLE IV. 
Naphthalene in chloroform. 

Surface My, Ры. 

tension. | 
26°37 119°87 184°1 
27°46 119°78 189°4 

97°35 119'05 1984 
28°02 120°08 . 194°9 

Tania V. 
a-Naphthol in pyridine. 
cae. “m Fn 
85°52 79 198°5 

86°40 80°95 202-8 
85°71 81°57 208 °7 
88°99 82°21 205°8 

TABLH УТ. 
a-Naphthol in ethyl acetate. 

Burface Mia Pu. 

tension. 

93°66 88 2161 
23:99 89'88 318'9 
28°71 30-04 $2074 
24°51 93°47 9241 
25:17 94'01 227-4 


09860 


818°0 


8180 
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Е. Density. 
0°04542 0°8881 
0'05779 0*8950 
0*1984 0'0278 

т. Density. 
0'05608 1:4404 
0°08420 1°4316 
0'1111 1:4253 

2. Density. 
009820 070851 
0'06197 029953 
0"09981 1'0099 

х Density. 
0'01810 0°8805 
0°02288 0*8888 
0°0821 5 0°8886 
0°04889 0°8952 


TABLE VII. 


Coumarin in benzene. 


tension. М, 

. 88°24 81°09 
28'857 81°98 
29°45 86°30 

TaBe VIII. 


Pm, 
810°5 
2116 
916°9 


Coumarin in chloroform, 


Surface 
teneion. Mm 
96°99 120°91 
27°84 121°64 
28°69 122'89 
TABLE IX. 


Ру, 
1914 
195-0 


198°6 


Coumarin in pyridine. 


Ane Ж 
36°61 80-58 
37-08 88-14 
88°08 85°65 

TABLE X. 


Surface 


tension. M m, 
28-81 79:98 
28-61 79°60 
98°81 8016 - 
99°26 81-28 


Pm, 

201'2 
205°8 
210% 


8-Oxyquinoline in benzene, 


Pm, 


Ps, 


8196 
818°5 
8151 


mean 818'7 


Px, 


818*6 
8108 


398*4 


Ру, 


320°8 
821°8 
823°4 
822°8 
mean 399*08 


675 


P cac], 


814'0 


Р са!с, 


3143 


P eale, 


8140 


Penale 


676 = 


0°05852 


0°02452 


egret vo 282 Re RAY 
ask е wA Lo... e. * 
» 


TABLE XI. 


8-Ozyquinoline in carbon tetrachloride. 


Density. 


- -1:5674 
~ 1°5687 
16577 
1585 


r 


Density. 


114526 
1'4518 


` 0°9887 


Density. 


1°5555 
1'6608 


‚- Bürface WS aoe 
tension. Mm, Pm. Ру, 
-..9p-98 15865 -- 90910 8011 
- 26-00 158'80 931'8 8299 

. 26°82 . 15328 , | 994'0 . 8057 
37°20 15802 998'4 311'9 
TAsLR ХИ. 
Xanthone in chloroform. 
Surface З м 
tension. Ми. > Pu, Ру; 
79648 18078 . 1888 . -4218 
871 -12168 1918 .· 49:8 
О. mean 420°8 
Тавьн XIL. 
Aanthone т pyridine, 
Surface , ` 
tension. dw My Pm, P 
8011 8095 839008 42071 
7098646 С 8998 г - 2047 4919. 
| mean 421°3 
TABLE XIV. Ө 
‚ Phenanthrene in benzene. 
Burface 
tension. . _ Ми, Ри. Fs. 
98°15 8181 MVE 478 
* 98:95 8385 от ато 
mean 417'@ 
Tass XV. 
Phenanthrene in carbon tetrachloride. ' 
Surface "n А 
tension. Mm. Pm. Py, 
26°44 154'46 9958 464'9 
`.. 96°90  ." 154'b9 9979 . 400'9 
mean 467°1 


P calo, 


4199 


4180 
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T Taste XVI. 


t = 
2 - 
. 


Phenanthrene in acetone. 


a. Density. — purae м, Р, P „ры 
0-0 07880 98"99 58 168 8 
0*02704 080658 99 84 61:88 1680 зя 
0'05280 оа 9464 0491 17898 8614 
TABLE XVII. 


Anthracene in nitrobenzene. 


А 8 
g. Density. E Ма, Pm. Рх. Рос. 
0°0 1°1928 48°06 198 984'1 == 
001091 1'1904 42'96 198:64 265 '8 4101 
0°01177 1°1898 49°88 128°59 265°9 416°5 
mean 417'8 418'0 
TABLE XVIII. 


Dithiol thiodiagol in alcohol. 


c. Шәпайу. Басе Му, Py. Py, Рек. 
00 07058 91-49 46 196-0 
O'O140L 08088 ar ag 4746 . 180 9048 
0:00758 089386 9801 4984 1299 920088 


mean 264°8 26771 


It wil be observed that the parachor values for a-naphthol in 
dilute pyridine and ethyl acetate solutions agree well with the calcu- 
lated value 888; whereas in the fused state the substance gives a 
much lower value of 829°4. This is evidently due to some incipient 
decomposition or oxidation at the melting point. The red colour of 
the fused substance seems to support this idea. 

It will be evident from the preceding tables that by the solution 
of a solid in a liquid the parachor of -the mixture is increased and 
the increment of the parachor is_proportional to the concentration of 
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the solution. This relation is somewhat similar to that observed by 
Raoult in the diminution of vapour pressure of the solvent by the 
dissolution of solids, and is best shown by the following curves ob- 
tained by plotting P, against х. This is what can be expected con- 
sidering the additive character of the parachor function. 


Fia. 1 
230 4 
Cry Hre у o^" Соне 
a | 
220 |А 4 
Cw Qu s 
ol, | 
ju 9 
LA ъ# 
2 Г 
200 " 
са? 
0^ 
Ca", m 
190 
D 
180 
o'oi 0°06 0°10 0°15 
—> 


А in COL, Bin 09%, O in OgHgN & D in OHOls. 
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SUMMARY. 


1. Parachor of simple ring compounds were determined in 
solution and it was found that parachor obeys the straight line 
mixture law in dilute solutions. 

2. The values obtained in the solution are found to be dependent 
on the concentration of the solution. 

8. Ву the dissolution of a solid in a liquid the resulting parachor 
of the mixture is increased over that of the solvent and the increment 
is proportional to the concentration. ` 

4. 'The determinations of inorganic compounds in solution are 
under investigation. 

My grateful thanks are due to Prof P. В. Вау of the University 
College of Science and to Prof À. Maitra for the kind interest they 
book in the work. 
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. Resolution of Co-ordinated Inorganic Compounds into 
^. Optical: Isomers. Part II. Resolution of Tri- 
ethylenediaminozino Chloride and Sulphate. 


Ву PANOHANAN NEOGI AND GoPAL KRISHNA MUKHERJEE. 


Thé resolution of triethylenediaminocadmium salts into optical 
isomers has been described in Part I of this series (J. Indian Chem, 
Soc. , 1984, 11, 228). We have been able to resolve  triethylenedia- 
minozine chloride and sulphate into optical isomers and isolate the 
dextro compounds in the solid state. As in the case of the triethy- 
lenediaminocadmium salts reagents like d-tartaric acid, d-camphor 
sulphonic acid, d-bromocamphor sulphonic acid, d-ammonium 
tartrate were at first tried, but all these reagents failed to resolve 
the zinc salts. Success was only achieved with  d-sodiocamphor 
nitronate, as in the case of the cadmium salts. The [aevo variety 
however, could not be isolated in the solid state though a laevo- 
rotatory solution was obtained by using nitrocamphor itself instead 
of the-d-sodio salt.- It is to be observed that sodiocamphor nitro- 
nate is dextro-rotatory whereas nitrocamphor itself is laevo-rota- 
tory. Using the sodio salt, the d-componenta both in the case of the 
cadmium and zinc salts, were obtained in solutions from which 
acetone precipitated the destro compounds in the solid state. 


Using free nitrocamphor for the laevo-component the hydroxide 
of the co-ordinated zinc or cadmium salt was first prepared and 
combined with nitrecamphor and the resultant salt was fraction- 
ally crystallised. ‘In the case of cadmium, the nitronate decompos- 
ed and could not be obtained in the pure state. In the case of 
the zinc salt, however, a laevo-rotatory camphor nitronate was 
obtained in the pure state which on fractional crystallisation yeilded 
а laeto compound with a maximum  laevo-rotation. This com- 
pound was decomposed with dilute hydrochloric acid when the 
nitrocamphor separated out in the free state and filtered off and the 
solution was found фо remain  laevo-rotatory. Acetone or other 
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organic solvents, however, failed to precipitate the laevo-com pound 
in the solid state. The solution, unlike nitrocamphor, soon race- 
mised within в few hours. Details have heen given in the experi- 
mental. 


Unlike cadmium salts, the d-bromide and d-iodide, which were 
obtained in solution, were not obtained in the solid state as acetone 
failed to precipitate them. The compositions and rotations of the 
tartrate, camphor sulphonate and bromocamphor sulphonate have 
been incorporated. 


. EXPERIMENTAL, 


Trethylenediaminosine  tartrate,—AÀ concentrated solution-of tri- 
ethylenediaminozine chloride (8 g.) was triturated with silver tar- 
trate (8 g.) prepared from a concentrated solution of Rochelle salt 
by precipitation with a concentrated solution of silver nitrate, washing 
with water and drying in a desiccator covered with black paper. 
The residue of silver chloride was repeatedly extracted with hot 
water. The extract was filtered and evaporated in vacuum. Various 
fractions of crystals were dried and all gave a constant nitrogen con- 
tent. [Found: №, 10°01 ; Zn, 14°2. (Zn Eng) С.Н.О,, 8 H,O 
requires N, 18°79 ; Zn, 14°5 per cent). Rotations of these substan- 
ces were measured in а 2 dem. tube and after four orystallisations 
the value of [a]3* for the first and the last fractions were +17 4° and 
++ 1871° respectively. The values of а being +1°74° and + 1'81? reg- 
pectively with а 5% solution. This difference is not greater than the 
probable experimental error. The solutions showed no muta-rotation, 
for the rotations were found to be exactly the same even after 94 
hours. The tartrate was converted to the corresponding chloride by 
means of barium chloride bub in each case the resulting solution was 
inactive. 


d-Triethylenediaminosinccamphor | 8ulphonate,—To 200 О.о. of a 
solution of silver nitrate (15 g.) just sufficient caustic soda was 
added to precipitate all the silver as oxide ; this was washed with 
distilled water until free from alkali salts, filtered and the moist 
precipitate warmed with 150 с.с. of & solution of d-camphor sulphonic 
acid (20°5 g.). When the dissolution of the oxide was complete, the 
filtered solution was neutral to litmus. To в concentrated solution 
of recrystallised triethylenediaminozine chloride (5 g.) the -silver 
d-camphor sulphonate solution was added until the addition of one drop 
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more oaused no further silver chloride to be precipitated. The solu- 
tion was filtered, evaporated in vacuum and orystallised. It was 
recrystallised twice from water. [Found: N, 12; Zn, 8°80. (ZnEn,)- 
(Cj 9H, ,0,8),H,0 requires М, 11:5; Zn, 8°96 per cent. ]. It was then 
subjected to fractional crystallisation. The rotations of the different 
fractions were measured in a 2 dem. tube. After four crystallisations 
the values of the [a]3' for the first fraction and the last fraction 
were + 16°5° впа + 18`1° respectively the values of a, being + 1'65° 
8nd +1°81° respectively with a 5% solution. The solutions showed 
no muta-rotation as their rotations did not change even on keeping 
them for 24 hours. On acidifying a concentrated solution of any of 
these fractions with hydrochloric acid and adding excess of acetone, 
the complex zine chloride precipitated was found to be inactive. 


d-Triethylenediaminozincbromocamphor sulphonate.—A solution of 
the silver salt of d-bromocamphor sulphonic acid was prepared in 
the same way asthe silver salt of d-camphor sulphonic acid by 
dissolving silver oxide in a warm solution of d-bromocamphor sul. 
phonic acid till a solution neutral to litmus was obtained. To в solu- 
tion of triethylenediaminozine chloride (b g.) in water, the silver 
bromocamphor sulphonate solution, thus prepared, was added till the 
addition of one drop more caused no further precipitation of silver chlo. 
ride. The solution was filtered and the residue of silver chloride was 
washed with hot water, filtrate evaporated in vacuum and fractionally 
crystallised and the different fractions purified by further crystallisa- 
tions, Басһ of these fractions gave a constant nitrogen content. 
(Found: М, 9°02 ; Zn, 6'5, (ZnEng) (C154H4,4Br80,)5,5H40 requires 
М, 8:8 ; Zn, 68 per cent]. 


Rotations of the different fractions were observed in a 2 dom. 
tube. The -values of [а]2* for the first and the last fractions 
were 42° and 41? respectively with & 5% solution. On acidifying a 
concentrated solution of any of these fractions in water with hydro- 
chloric acid and adding acetone in excess the complex zinc chloride 
was precipitated which was found to be quite inactive. 


d-Triethylenediaminocamphor nitronate.—To в solution of tri- 
ethylenediaminozinc chloride (6 р.) in water (20 с.о.) was added в 
solution of d-sodiocamphor nitronate (6 р.) in water (15 с.с) and the 
mixture well shaken. No precipitate appeared. The solution was 
evaporated in vacuum and three crops of crystals collected, The first 
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fraction was recrystallised from water when it appeared as colourless 
silky rieedles. This was completely free from chlorine. [Found: 
N, 16°91 ; Zn, 9°45 ; (ZnEng) (Cy 9H,4NOg)g, 2 HgO requires М, 
16°6 ; Zn, 9°66 per cent]. B | 
Rotation of this substance was measured in а 2 dom. tube 
-and the value of the [a]3° waa found to Бе + 16° the value of а being 
+9°6° with a8% solution and this rotation did not change on keep- 
ing it for 24 hours. The sscond and the third fractions on further 
purifications by crystallisation were found to have identical chemical 
‘composition and their specific rotations were+116°6° and+80°4° 
‘¥yespectively under identical conditions. the actual rotations being 
+7`0° and +4'82° respectively with а 8% solution. 
d-Tristhylenediaminozine ——— chloride. ——d-Triethylenediaminozinc- 
camphor nitronate.(2 g.) (first fraction) was dissolved in the least 
quantity of water, and to the clear solution dilute hydrochloric acid 
‘was added drop by drop. and shaken tbill all the nitrocamphor had. 
precipitated out. The clear ‘solution was filtered and the residue 
‘washed with a small quantity of water. To the filtrate excess of 
‘acetone was added when a perfectly white crystalline substance preci- 
pitated out which was allowed to settle. The supernatant liquid was 
then decanted off and the precipitate washed several times with ace- 
tone to remove all traces of the acid and any free nitrocamphor. 
The residue was quickly dried underneath a fan between filter papers. 
[Found: N, 26°62 ; Cl, 22:88; Zn, 20°40. (ZnEng)Cl, requires N, 
26°58 ; Cl, 224 ; Zn, 20°67 per cent]. 


- 


0:0898 G. of the substance was dissolved in 15 o.o. of water and a 
tube was completely filled with the solution (about 10 в.в.) when the. 


rotation was found to be+0°5° which makes [a]3°=94'2° ‘and. [M] = 
+ 297'6°. 

The activity of the solution rapidly diminished on.keeping and 
almost completely vanished in 2-8 hours. The solid was, however, 
much more stable. Examined after an hour the specific rotation of 
the solid was found to be + 50° and when kept cool and examined after 
three hours, the specific rotation fell to+20°5°, the actual 
rotations being+1°0° and +0°41° respectively with в l% solution. 
Examined'after 6 hours the salt was found to be quite inactive. 

d-Triethylenediaminosino sulphate was prepared in the same way 
as the chloride. by decomposing the d-triethylenediaminozinecam- 
phor nitronate with dilute sulphuric acid and precipitation with ace- 
tone. (Found: N, 24°76; Zn, 10°10; SO,, 28:56. (2nEn;) 80, requires 


t 
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М, 24°63 ; Zn, 1906 ; 80,,28:14 per cent.]. Rotation of the subs- 
tance was determined in a 2 dem. tube with & solution of the con- 
centration (0518 р. in 15 c.c.) when the rotation was found to be 
*0'6? which makes [5]5* = -- 87/7? and [М] =999 08°. The solution 
when examined after three hours was found to be quite inactive 
whereas the solid when kept cool and examined after 8 hours showed 
its specific rotation to be +16`2°, the value of ap being +0°76° with a 
25% solution but when examined after 6 hours was found fo be 
quite inactive. 

Triethylenediaminozino camphornitronate.—A solution of tri- 
ethylenediaminozine chloride (5 g.) in water (16 o,0.) was triturated 
with moist silver oxide. The solution of the complex 
hydroxide was filtered and the residue washed with water 
and to the clear alkaline filtrate thus obtained nitrocamphor was 
gradually added (6 g. in all) with constant stirring whereby all the 
nitrocamphor almost dissolved ‘he solution was then filtered and 
evaporated in vacuum when a tarry mass containing some crystalline 
substance was obtained which on repeated crystallisation was separa- 
ted from the tarry matter. The substance was then fractionally 
crystallised. The first fraction was found to have a specific rotation 
of — 42:0? the actual rotation being —2°56° with a 8% of solution exa- 
mined in a 2 dem. tube. The rotation of this substance also 
did not change on keeping. It was found to have identical chemical 
composition with that of the destro variety. 

1.Triethylenediaminozinc chloride in solution.—The laevo-triethy- 
lenediaminozinccamphor nitronate crystals (1 g.) were dissolved 


hn water (16 c.c) and dilute hydrochloric acid was added drop by 


drop when nitrocamphor was found to precipitate out which was 
filtered off. The rotation of the solution was observed in a2 dem. 
tube when it was fonnd tobe~1'16° but it completely race- 
mised in an hour and a Һа. On adding acetone in excess no ргесі- 
pitate of the active substance could be obtained. The preparation of 
other salts is in progress, 
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4-Bromomethylcoumarins. Synthesis from Phenols 
and y-Bromoacetoacetic Ester. 


Ву B. B. Dey AND Y. SiNKARANARAYANAN. 


It has been shown in an earlier investigation (Dey and Radhabai, 

J. Indian Chem. Soc., 1984, 11, 685) that a mixture of coumarin-4- 
bromoacetic acid and 4-bromomethylcoumarins are produced 
whén coumarin-4-acetic acids are brominated under certain definite 
conditions. The constitution assigned to these bromo derivatives 
was based on indirect though sufficiently clear evidence, but as the 
reactivity of the halogen in these compounds was very different 
from what might be expected of an alkyl bromide, it was considered 
expedient to obtain direct proofs, if possible, of the structure of these 
bromomethylcoumarins. It was believed that one of the best 
methods of settling the question would be to synthesise the same 
compounds from phenols and y-bromoacetoacetio ester and our expec- 
tations in this direction have now been fully realised. The conden- 
sations of m-cresol and o-naphthol with y-bromoacetoacetic ester have 
now been studied and the products shown to be identical with those 
prepared from 7-methylcoumarin-4-acetic acid and a-naphthapyrone- 
4.acetic acid respectively by bromination, thus setting at rest 
all doubts regarding the position of the bromine atom in these 
compounds. Moreover, the view that 8-naphthapyrone-4 acetic acid 
proved to be an exception in furnishing not the expected §-naphtha- 
pyrone-4-bromacetic acid but the 8-bromo-8-naphthapyrone-4-acetic 
acid instead, has now been fully confirmed by synthesising 
the unknown 4-bromomethyl-8-naphthapyrone. The latter (m. p. 
197°) is found to be quite different from the. product of bromina- 
tion of  B-naphthapyrone-4-acetic acid after decarboxylation 
(m. p. 146°), and it is further converted by hot alkalis into the 
expected dihydrofuranonylacetic acid (m. p. 174°) and not the 
B-naphthafuranearboxylie acid (m. p. 242?) obtained by Dey and 
Radhabai (loc. сй). 


EXPERIMENTAL. 


y-Bromoacetoacetic ester was prepared by a slight modification of 
the tr ethod described by Conrad and Schmidt (Ber., 1890, 29, 1042). 
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From 18 g. of freshly distilled acetoacetic ester 11 g. of the pure 
y-bromo derivative, b. p. 125?/10 mm. were obtained. 


7-Methyl-4-bromomethylcoumarin.—A mixture of y-bromoaceto- 
acetic ester (6 g.) and т-огево] (8 р.) was slowly added to ice-cold 
sulphuric acid (20 с.о.) with vigorous shaking and. after standing 
in the ice-chest overnight, the deep red liquid was poured in a 
thin stream into 150 с.о. of ice water. A fine yellowish. precipitate 
came’ down slowly ; it was collected, washed with water and then - 
with’ alcohol and the insoluble residue crystallised from boiling acetic 
acid as colourless shining plates, m: p. 286°, not depressed by 
admixture with the specimen obtained from the direct bromination 
of G clas as acetic acid. д 


Мо ава НО acid was obtained by 
the action of alkali on the bromo derivative. 16 crystallised from 
boiling water in long colourless needles, ш. p. 107°, and was 
identified with the product prepared similarly from 7-methylcoumarin- 
4-acetic acid by bromination and subsequent alkali treatment (Dey 
and Radhsbhai, loc. cit.). 


| 4-Bromomethyl-à-naphthapyrone.—The thick yelow oil which 
separated . оп pouring the sulphuric acid solution of a-naphthol 
(4g.) and the y-bromoacetoacetic ester (6 g.) into water was 
converted into a granular yellow solid after repeated washing with 
alcohol. Two orystallisations from hot acetic acid gave bright yellow 
plates, m. p. 192°, yield | в. 16 was identified with’ the product’ 
of bromination of a-naphthapyrone-4-acetic acid by & mixed m. p. 
determination. (Found: О, 68'1 ; Н, 8:84; Br, 27:1. O,,HgO0gBr 
requires С, 58:1 ; H. 8'11 ; Br, 2T T per cent). | 


a-Naphthadihydrofuranonyl-8-acetic acid was obtained from the 
above by boiling with 2N-KOH for 20 minutes. It orystallised 
from ‘boiling water in colourless needles, m. р. 162°. ^ (found:. 
О, 78:9 Н, 4°69.-C,, Hio Og réquires О, 74'3 ; Н, 4'42 per cent), > 
ig | ' ' { ` m i 

4-Bromomethyl-B-naphthapyrone.—f-Naphthol (4 g.) and the 
bromoester (6 g.) were treated with sulphuric acid and the product 
worked up as before. It crystallised ‘from acetic acid in golden yellow 
rectangular plates, m. р. 197°. (Found: O, 57°7; Н, 8°89; Br, 
211. Cre Hy OgBr requires C, 68'1; H, E п; Br, 97-7 per cent). . 
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8-Naphthadihydrofuranonyl-8-acetic acid. 
HOOC: CH=C ORs 
O 


This was prepared by boiling the bromomethyl derivative with 
QN-alkali for i hour. The acid crystallised from hot water in pale 
yellow needles, m. p. 172°. It decolourises bromine water and 
permanganate immediately in the cold. (Found: С, 741 ; Н, 4°62. 
C44 Hig Og requires C, 74:8; Н, 4°42 per cent). 


PRESIDENCY COLLEGA, Received June 5, 1984. 
MADRAS. 


The Chemistry of Jute-lignin. Part IV. Dioxymethylene 
Group in Lignin. 


Ву Риылм ВинаАвт BAREAR. 


By the distillation of Willstütter-lignin Hägglund and co-workers 
(Bioohem. Z., 1924, 147, 74; 1926, 179, 876) obtained a product 
which could be condensed with phloroglucinol, barbituric acid, ete., 
but it was not furfural or any of its derivatives. Freudenberg and 
Harder (Ber., 1927, 60, 6082) identified it as formaldehyde and 
considered 16 as a fission product of methylene dioxide group in 
lignin (Ber., 1928, 61, 1760). Fuchs and Horn (Ber., 1929, 62, 2647) 
got formaldehye but were unable to accept the hypothesis of 
Freudenberg because lignin gave comparatively more formaldehyde 
than its derivatives. Phillips and Goss (J. Amer. Chem. Soc., 1982, 
BÀ, 8374) obtained formaldehyde in some lignocelluloses but not in 
others and, therefore, regarded the presence of this group 
with uncertainty. In the present investigation, the problem has 
been studied with special reference to jute-lignin with a view to 
establish definitely the presence of this group in, lignin (cf. 
Oellulosechem., 1981, 12, 268) and also to get an idea as to its 
molecular size from the amount of formaldehyde obtained assuming 
as Freudenberg does that only one such group is present in it. 


In а series of papers from this laboratory it has been shown by 
Chowdhury and co-workers (J. Indian Chem. Soc., 1929, 0, 289; 
1930; 7, 847; 1982, 9, 616) that ClO, is the mildest reagent known 
that separates lignin from cellulose and hemicelluloses without 
affecting the latter to any appreciable extent. Butin the jute, thus 
delignified, the furfural value (as phloroglucide) was always found to 
be slightly less than the calculated figure, though lignin obtained 
therefrom gave no furfural after purification. This has recently been 
found to be the case with bamboo and cocoanut fibre as well 
(Chowdhury and Paul, unpublished paper) ' Jute, rice-straw, 
bamboo, cocoanut fibre and teak wood were distilled with 12% HCl 
and formadehyde was detected in all cases in the distillate with 
Schryver’s reagent (Proc. Roy. Soc., 1910, B82, 226). Lignin wag 


а ve + ^ - 
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separated with 42% НСІ іп each case and formaldehyde could be 
found in every sample. Ав formaldehyde also gives ап insoluble 
condensation product with phloroglueinol, the lower furfural values 
in delignified jute, bamboo and cocoanut fibre, etc., can now be 
properly: explained.  Delignified jute, bamboo, ete., give no for- 
maldehyde on distillation with 12% HCl. As formaldehyde has also 
been found in chlorolignin obtained from jute directly or from 
separated lignin and purified by alcohol and acetone repeatedly, it 
cannot be regarded as an impurity as some workers in this field think. 
Freudenberg and Sohns (Ber., 1938, 66, 268) got it in lignosulphonic 
acid from pine-wood lignin and according to Kuster and Schoder 
(Z. phystol, Chem., 1927, 170, 44) a molecule of formaldehyde is 
supplied by lignin in heated with a little HCl and £- LE 
during the formation of merolignin, 

Isolated lignin was distilled with 28% Н.ВО, and formaldehyde 
was detected in the distillate as the white crystalline dimedone 
derivative (Weinberger, Ind. Eng. Chem. Anal. Ed., 1981, 
8, 865) which was found to melt exactly at 187°. The distillate also 
developed fuchsine colour with  Bohryver's reagent which is 
єн of formaldehyde only. 

- From HCl-lignin on distillation with 28% H 5850, or 20% NaOH. 
a distillate was obtained which gave iodoform with iodine and alkali: 
Hence the well known iodometrie method could not be employed for 
the estimation of formaldehyde. Ав iodoform was stil obtained 
when formaldehyde was removed by dimedone which reacts with 
aldehydes only, and as the distillate gave no aldehyde on oxidation with 
potassium dichromate and sulphuric acid, most probably it is a ketone. 
As a matter of fact, higher results were obtained by the potassium 
cyanide -method than by the dimedone process.. Thus, the latter 
appears to be the only accurate and reliable method which has been 
employed here all along for the: estimation of formaldehyde. This 
method compares favourably with the other two as has been found 
with a known dilute solution of formaldehyde. 28% Sulphuric acid has 
been found to be the best hydrolysing agent. Obviously the method fails 
if lignin gives furfuraldehyde on acid distillation. In a former paper 
(J. Indian Chem. Soc., 1981, 8, 897) it was shown by the author that 
HCl-lignin from jute after proper purificaton gave no furfural. Lignin 
was then boiled with 8-4% acid for 1 to 2 hours during isolation. 
It has now been observed that much of the dioxymethylene group 
is lost thereby. It has been possible to free HCl-lignin from pentosans , 
by first of all washing the former free from acid and then boiling with 
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‚ water until the filtrate no longer reduces Fehling’s solution. The 
.lignin thus obtained gave much moré formaldehyde. Á 
The highest yield of formaldehyde recorded by Freudenberg and 
co workers (Ber., 1988, 66, 262) from pine-wood lignin was 1'2% only. 
Depending partly on this result they advanced а structural formula for 
lignin corresponding to a mol. wt. of 2140 (in unpolymerised form). 
But as the mol. wt. of lignin derivatives, so far determined by different 
workers, lie between 800 and 1000 (Fuchs, ''Chemie des Lignins,"' 
1926, p. 178) it is difficult to reconcile Freudenberg’s figure with these. 
Thé dioxymethylene group has been found to be very unstable towards 
_acids. Thus, when lignin was prepared by 72% sulphuric acid and 
boiled with 8-4%: acid during isolation, the № of formaldehyde was 
-0`21 only. It was higher (0°65%) by the 48% НС] method followed 
by dilute acid boiling. When the latter step was omitted and lignin 
was separated by 42% HCl at 29° the № rose higher, vis., 0°247%, 
and when lignin was separated ab 20° for 24 hours 2°18% was the 
yield of formaldehyde. It was a very: light powder of pale brown 
colour, while deep' grey or almost black variety was obtained at 
higher temperature and prolonged exposure. Lastly this sample was 
washed repeatedly with dilute caustic soda until the washings were 
colourless, the maximum amount was obtained (2°63%). The % of 
formaldehyde fell down considerably if the lignin was exposed to the 
action of fuming hydrochloric acid for too long a time, the temperature 
remaining constant. 

But this figure, too, does not represent the total amount of 
formaldehyde, ав from piperonylic acid theoretical yield of it is never 
obtained. Freudenberg (Ber., 1927, 60, 581) explained it by saying 
that as soon as the formaldehyde was split off it combined with the 
protocatechuic acid thus formed to give back the original compound, 
as Не got only 71% of formaldehyde. -This explanation does not 
appear to be sound for the simple reason that according to- the 

law of mass action, when. one of the resultants (Н`ОНО) is free 
to leave the sphere of action, the reaction is bound to. go to 
completion. Moreover, it is most unlikely that in a hydrolysing 
medium the methylenedioxide group should be re-introduced, a 
process accompanied by elimination of a molecule of water.. Again, 
by following the method of Clowes (Ber., 1899, 82, 2842) in which 
the split off formaldehyde forms an insoluble compound with phloro- 
_glucinol in situ, far higher results were obtained for.H'OHO, though 
both piperonylic and protocatechuic acids-are fairly soluble, in hot 
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water. Itis а well known fact that phenol and formaldehyde com. 
bine at about 150° to give a resin, 80% Н.80, or dilute hydrochloric 
acid being used as catalysts. (Bary and others, ‘‘Natural and Syn- 
‘thetic Resins,” p. 118). Far less than the actual amount of H-CHO 
was obtained when a known quantity of a dilute solution of H CHO 
was distilled with vanilic acid, and absolutely nil with phenol; with 
protocatechuic acid only 77°61% of HCHO was obtainable. 
It is important to note here also that in the aliphatic-series cent per 
cent HCHO was obtained by Clowes (loc. cit.) The phenolic groups 
set free, therefore, appear to be responsible for the lower yield of 
formaldehyde and resin formation is the most probable explanation. 
Tt has been found that no carbon separates when piperonylic acid is 
distilled with acid, as the residue dissolves in caustic soda to a clear 
. solution. ` Hence the lower yield of HCHO cannot be thus accounted 
for. .After solubility correction, the figure for HCHO stands at 
2:78 % and assuming that this represents only 77:076 of theory, 
and also that only one O'CH,'O group is present in lignin, 
its mol. wt. comes to 880, which is in fair agreement. with those 
otherwise obtained.  Hassow and Wagner (Cellulosechem., 1982, 18, 
109) determined the mol. wt. of glycol-lignin Бу Barger-Rast method 
and gave the figure as 840. 


Lignins from various sources have almost without exception been 
found to reduce Fehling’s solution. Friese (Ber., 1929, 62, 2588) 
considered it to be due to the presence of traces of sugars, while 
according to Powell and Whittaker (J. Chem. Soc., 1925, 127, 182) 
‘the lignin molecule contained one active aldehyde group (cf. Heuser, 
Paper Trade J., 1980, 88, 75°; Klason, Ber., 1982 68, 625). The 
dioxymethylene group present in lignin suffers decomposition to а 
greater or less extent during isolation, depending on the method 
employed. The two phenolic groups in the ortho-position, 
which thus result, have now been found responsible for the reducing 
‘action. 1t has thus been possible to separate lignin obtained by 42% 
НС! at 20° for 24 hours into two fractions by repeated treatment 
with dilute caustic soda at room temperature in a glass filter, 
until the washings are colourless. The soluble fraction reduced 
‘Fehling’s solution and liberated silver from an ammoniseal solution 
of silver nitrate, just like protocatechuic acid or pyrocatechul, while 
the insoluble one (major portion) showed no reducing property at 
all. Тһе percentage of HCHO in this rose up to 268%. More- 
‘over, when all the HCHO was distilled off from the insoluble 
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fraction, the residue left was soluble in NaOH and again reduced 
Fehling's solution. The higher the temperature, and the longer the 
time of exposure to the acid, the less has been found the percentage 
of HCHO in the separated lignin and the stronger the reducing action 
as well. 

In order to prove more directly that the HOHO in lignin comes 
from the O'CH,'O group present in it, all the HCHO was distilled 
off from lignin with 284 Н,80, and the residual substance 
was treated in a sealed tube at 1427-50? with methylene iodide and 
caustic potash in absence of moisture, according to the method of Fittig 
and Remsen (Annalen, 1878, 168, 94). The purified product, completely 
freed from CH4Is,, again gave HCHO on distillation with acid. 
The process of methylenation was repeated thrice and the final pro- 
duct after alkali-washing was found to give practically the same 
amount of HCHO (2°81%) as the -original lignin and it no 
longer reduced Fehling’s solution. The O'CH,4'O group has been 
found to be more or less unaffected during halogenation and treat- 
ment with boiling alcoholic potash. On distillation with 20% 
NaOH no trace of HCHO could be split off from lignin. The obser- 
vations of Freudenberg and Sohns (Ber., 1988, 66, 262) that the 
O'CH4'O group is decomposed by dilute alkali, could not, therefore, 
- be confirmed in the case of jute-lignin. 

In view of the fact that higher yield of HCHO was obtained from 
lignin separated at low temperature, an attempt was made to isolate 
the same at very low temperature with 42% HC] but un- 
fortunately it was found that below 20° no complete separation was 
possible ; a rose coloured cellu-dextrine type of substance was 
obtained, which gave & white powder by the action of ClO, in 
aqueous suspension. With 724  H480, as wel the same 
difficulty arose and even the lignin.obtained at 20° had а far lower 
HCHO value. 


So long the methoxy content used to serve’ as the only criterion 
for the purity of lignin, the higher the value the purer was con- 
sidered the product. But this is quite defective as by NaOH under 
pressure (Mehta, Biochem. J., 1925, 19, 958) a lignin was obtained 
from jute which had 20°1% methoxy value (Sarkar, J. Indian Chem. 
Soc., 1981, 8, 401) aluhough it was fairly soluble in. water. As the 
mildest procedure has to be adopted in obtaining a lignin with 
high % of HCHO, obviously the methoxy groups remain un- 
--affected. Ав а matter of fact, 16°41% methoxy has been 
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- found in -such в sample. The O'CH,4'O group: rather than the 
. methoxy alone should, therefore, be regarded as the criterion. ‘It is 
thus becoming increasingly difficult to lend support to the theory that 
. pectin- or hemicelluloses are the -precursor of lignin. As will be 
shown later on, the acetyl group also is characteristic of pectin and 
- not present in lignin, i а 
It is interesting to note in this connection that traces of HCHO 
have been obtained by the author from glucose and fructose on dis- 
tillation with 28% HSO, or 12% НО. But there is no 
plausible ground to draw the conclusion that these sugar 
residues are present in lignin; because they always gave furfural or 
its derivative under such conditions, while lignin gave none, and 
secondly the amount of HCHO was extremely small being present 
only in the first 10-16 o.c. of the distillate and could only be 
detected by Schryver's reagent, while lignin (0°8-0°4 g) took about 
' 4-б hours to part with its formaldehyde. 


EXPERIMENTAL, 


In order to show that the percentage of furfural in delignified 
lignocelluloses is ulways lower than the calculated amount, fur- 
fural was carefully determinéd by the phloroglucide method of 
Tollens and Bodner (Z. Landwirt, 1910, 68, 232) by distilla- 

. tion with 12 % HCl. The precipitation was doné in the cold 
-as Klingstedt (Z. anal. Chem., 1925, 66, 129) has shown that better 
results are thus obtained. - The figures calculated on dry sample are 
shown below. So E. | 


~ 


TABLE I. 
Substance. , Lignin Furfural-. Purfural . -Furfaral . Deficiency. 
(HOl-method). (on raw (in delignified (calculated on 
sample). sample). rew sample). 
"Jue. 154% SBi% —— 88698 70%. 18939, 
. Bamboo ` 27°50 1450 + 1490 - 1088 . 15:05 


^Gocoanut'fibre 49°80 18:58 - ^". 1900. . бз. 14°58» 
"nn > ү x5 p. 3 - г. Ss МҮ 

Ол distillation with 12% HCl raw straw, bamboo, jute, eto., 
^: gave both: furfural and formaldehyde and the former was tested as 


CHEMISTRY OF JUTE-LIGNIN 697 _ 


usual with aniline acetate paper which remained unchanged by 
formaldehyde and the latter by Schryver’s reagent after much 
dilution. In very dilute solution, furfural does not interfere with the 
test for formaldehyde. | | ‚ 

In the estimation of formaldehyde by the dimedone method, 
about 0'5 р. of dry and finely powdered lignin, purified from furfural- 
yielding substances, was distilled at 140.50? with 100 бсо. 
of 28%  H480, according to Tollens’ method; 80 c.o. of 
distillate were collected and 80 с.е. of boiling watér added to 
maintain the same strength of the acid. It was neccessary to add 
a little powdered charcoal (Merck’s reagent) to prevent frothing and 
consequent overflowing in some cases. The distillation was con- 
tinued until the test for HCHO was negative. 20 C.c. of 2% dime- 
done in dilute NaOH were added and the liquid made just acid with 
acetic acid. The flask was kept at 4° for 24 hours in a frigidier after 
addition of 200-260 с.с. of a saturated solution of NaCl to reduce 
the solubility of the derivative. The precipitate was filtered in a glass 
filter under very mild suction and washed free from chloride 
It was dried at 110° and weighed. In one sample 0:2825 в. of 
lignin gave 0'0724 р. of the derivative, whence HCHO=2°68% 
(without solubility correction). The shining crystals are extremely 
soluble in acetone, alcohol and benzene. Weinberger has shown 
that the solubility of the derivative is 0°0005д. рег 100 c.c. at 19°. 
A similar correction has been introduced in this case also. 

To see how this method compares with the ordinary ones, a 

„уёгу dilute solution of HCHO (about 8°20 g. per litre) was used for 
the estimation by all these methods. It may be pointed out here 
that in the iodine method, the time should be at least half an hour 
and not 10 minutes as Treadwell (1924, Vol. II. p. 589) says. In 
the cyanide method, only afew drops of the saturated solution of 
ferric alum should be added and nob б с.с. as recommended by the 
‘‘Official and Tentative Methods of Analysis” (U. 8. A., 1925, р, 68), 
otherwise anomalous results are obtained in the case of dilute 
solution. In order to see if a portion of the HCHO is lost during 
distillation, 10 с.в. of the HCHO solution were distilled with 95% 
9,850, (100 c.c.) as іп the dimedone method and HCHO was 
estimated in the distillate. The following table will show that 
concordant results are obtained in either case. The figures for 
HCHO from HCl-lignin are also given below. 


698. . P. B. SARKAR 


2 | TABLR 1]. 
10 0.0, of HOHO Oyanide койш Iodine method. Dimedone method. 
soln. taken. : 
Without distillation 81°85 mg. 30°08 mg. 80°66 mg 
After T 81-08 80*84 80-71 
From HOl-lignin 9'8196 2°60% 1:45 % 


The influence of the strength of Н,80, on the yield of HCHO 
was next studied with the same sample of lignin and HBO, of 
different strength by employing the dimedone method. The 
following table wil! show that 28% H580, is the best for the 
purpose.  HOLlignin separated аё 20? for 24 hours without acid 
boiling. EUR 


TABLE III. 
Н,80, conc. (Ж) — .. 1571 92:19 98:29 34-57 40°85 
НОНО obtained (5) 0 59 0°81 0'947 0'78 0:894 


Formaldehyde was estimated in different samples of lignin 
isolated under different conditions. The results are shown below. 


TABLE IV ; 
“Methods of isolation, HCHO found. 
(1) 72% H48O, at 29°, for 86 hrs. acid boiling 021% 
(2) т is y without acid boiling 0°88 
(B) Moistened with HOI, then 72% H80, for 94 hrs. 0°42 
(4) 49% НО! at 20°, 88 hrs. acid boiling 0'852 
(5) Е i without acid boiling 0'947 
(8) " at 20° for 94 hrs. n - 2:68 - 
(7) » at 4* for 10 hrs. and at 28* for 19 hrs. 1°82 
(8) Sample (6) with 49% HCl at 20° for 24 hrs | 2°02 | 
(9) Sample (7 boiled with 4%, alo, KOH for 4 hrs. 1°76 
(10) 72% НаВО% at 4° for 10 hrs. and at 30° for 13 hrs. 0°58 


The effect of the presence of phenolic bodies on the yield of - 
НОНО was then studied by distilling 10 c.c. of the HCHO solution 
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with phenol, vanillic acid, etc. Table V shows the yield in the 


distillate, 28% H80, was used at в temperature of 140-00? as 
usual, 


TABLE V. 
10 C.c. of HOHO distilled with НОНО recovered Yield. 
(a) Alone 80'07 mg. 100% 
(b) Phenol Q g) Nil Nil 
(c) Vanillie acid (1'5 g.) 2*00 6:45 
(d) Protocatechuic acid (1°6 g.) 24°04. 77°61 


Molecular weight of lignin.—AÀs mentioned above the highest 
yield of formaldehyde is 2`63% , making в correction for the solubility 
it comes 2°778%. Assuming this is only 77 , the theoretical yield 
amounts to 8°61%. Further, on the assumption that only one 
O'CH.4'O group is present in the molecule, 80 р. of HCHO are to 
be obtained from 880 g. of lignin, which figure therefore stands for 
its molecular weight. 

Methylenation of lignin.—About 1g. of lignin (HCHO, 2°68%), 
from which all HCHO was distilled off, was dissolved in s eoncen- 
trated solution of КОН (5g. іп 10 c.c.) and dried at 105°. Tha 
finely powdered substance was mixed with 5 o.c. of methylene 
iodide (16 g.) and heated in a sealed tube in glycerine-bath at 
140-50° for 7-8 hours. ‘The light brown mass was washed with ether 
to remove the excess of methylene iodide and then with water until 
neutral. Lastly it was boiled with water and steam was passed 
through it to expel the last trace of methylene iodide. It was then 
dried and HCHO was estimated in the sample. The product was 
of light brown colour. The process is far from being quantitative 
only a small yield of methylenated product being obtained by в 
single treatment. The results are shown below. 


Taste VI. 
Sample treated. No. of treatment. HCHO. 
HCl-lignin after distilling off the НОНО 1 091% 
2 184 
8 184 
2°81 
H,80,-lignin with 0°38% НОНО 1 1*008 


6 
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SUMMARY. 


1. The lower yield of furfural in delignified jute, ete., is due to 
O'CH$'O group in lignin, and lowering of percentage is nearly the 
game in three samples analysed. 

2, Fivelignocelluloses have been found to give formaldehyde 
вв also lignins obtained therefrom, O-CH,-O group thus appears 
to be a common constituent of lignin. 

8. Dimedone method is the only one applicable in the case of 
lignin, this gives identical results with that by iodine or cyanide 
method in dilute solution. 

4. 28% Н.80, gives the best result for HCHO, stronger or 
weaker acids giving lower values. = 

6. Prolonged exposure to strong acids, higher temperature and 
subsequent acid boiling considerably lower the yield of HCHO in | 
lignin. Best results have been obtained at 20° for 24 hours, acid 
boiling being omitted. | 

6. Lower yield of HCHO from lignin is due to resin formation 
with phenolic bodies and not to the re-formation of the original 
substance. v 

^ 7. The reducing action of lignin is due to two OH groups in 
the ortho-position set free during isolation and not to any CHO 
group. | 

8. The presence of O'CH,'O group has been established by 
methylenation. 

9. The mol. wt. of lignin hus been ealeulated as 880 from ће; 
yield of HCHO, which is in close agreement with figures otherwise 
obtained. 

My grateful thanks are due to my Professor Dr. J. K. 
Chowdhury for the kind interest he has all along taken in the work 
and to Prof. J. C. Ghosh for giving me every facility to carry it 
out. My thanks are also due to Prof. B. N. Bose for kindly helping 
me with discussions and criticisms. 
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Magnetic Study of Mixed Crystals of Sytem 8—Ве. 
By 8, В. BHATNAGAR AND Pyara LAL Kapur. 


The magnetic properties of binary systems with metallic compo- 
nents which either form continuous solid solutions or are partially 
miscible, have already been studied by various workers (cf. Honda and 
Bone, Sci. Rep. Tohuku Imp. Univ., 1918, 2, 1; Endo, ibid., 1925, 18, 
479; Garrison, J. Amer, Chem. Boc., 1925, 47, 622; Spencer and 
John, Proo. Roy. Soc., 1927, A 116, 61), and that of binary system 
of salts has been studied by the present authors (J. 
Indian Chem, Soc., 1982, 9, 847). So far as the authors are aware 
a binary system with non-metallic components has not been studied 
from this point of view, therefore the study of the magnetic property 
of В—Ве system, a non-metallic one, forms the subject of the present 
investigation. 

From phase-diagram point of view the system has been studied by 
Rathke (Annalen, 1869, 182, 188) and later on by Rath and Betten- 
des (Pogg. Ann., 1879, 189, 829); but it was thoroughly investigated 
by Ringer (Z. anorg. Ohem., 1902, 32, 188). He found that melted 
Be and liquid sulphur can be mixed in all proportions, but it is very 
difficult to crystallise it out when Ве content is more than 10%. In 
the present investigation, therefore, the magnetic property of mixed 
crystals, whose Se content does not exceed 10%, has only been 
studied, i 


EXPRBIMBNTAL. 


Sulphur, from which the mixed erystasls were prepared was the 
purest obtainable and further purified by crystallisation from pure 
carbon disulphide. Selenium was available in the form which was 
insoluble in OS, ; therefore the soluble form was prepared by dis- 
solving the available variety in HNO, and HCl and by reducing the 
selenious acid thus formed to red amorphous Be by ВО». $e thus 
formed was filtered, washed thoroughly with alcohol and was dried 
in an electric oven maintained at 40°. Before use the purity of the 
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elements was further tested by determining their melting points and 
specific gravities which are given in Table I and for comparison the 
values given in books are added in parenthesis. 


Ев. 1. 


B—Be System. 





— 171 
z | 
x 
= —169 
= 
3 
S 
to 
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— 165 
~ 168 
0 2 4 6 8 10 
Composition of Se (Atomic 96). 
I—Susceptibility of mixed crystals, 
II—fBusceptibility of mixture. 
TABLE Т, 
Bp. gr. 
Substance, M. p. | 
Rhombic sulphur 118* (115°) 2'04 (27087) 
Red selenium 915* (912-917?) 4°89 (4 86) 


The thermal method of preparing the mixed crystals was not 
resorted to in order to avoid any complication that may arise on 
account of chemical transformation, such as oxide formation and 
the appearance of the phenomenon of allotropic modification at 
high temperatures, but the mixed crystals of 8—Ве were prepared by 
precipitation from C8, solution. Saturated solutions, both of В and 
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Se, were prepared in hot CS, and were mixed in different proportions. 
The solvent was allowed to evaporate gradually and the crystals 
that separated were quickly filtered off and dried with filter paper. 
These crystals were placed in ‘an oven maintained at 40-45? fora 
number of hours in order to get rid of any CS, that might be stick- 
ing to the orystals, and after that the crystals were placed in a 
vacuum desiccater till further use. The crystals thus obtained 
were allrhombic resembling the sulphur crystals but their colour 
varied from dark-red to brown-red. The samples got in this way 
were analysed for Be and В, both by dissolving them in HNO, and а 
small quantity of bromine. Sulphur was estimated from the 
solution by the usual БО, method and Ве by reducing selenious acid 
thus formed by hydroxylamine hydrochloride to red amorphous Ве. 

Data for the densities of the samples as determiaed are given in 
Fig. 1, and in Table П. 


Taste П. 
Density of the mixed crystals. 
(Se)% .. 0 119 410 TÆ 1986 1557 1742 9071 100 


Density 2°04 2°09 218 9:96 2:40 2'455 9:61 2'58 4'89 
(obs) 


Density 9:06 213 291 9:85 2405 9449 — 99 — 
(calo.) 

The magnetic susceptibility of mixed crystals was determined by 
the magnetic balance of the Wilson type which was used in our 
previous work. 

Pure water which has a mass susceptibility of — 7'2 x 1077 was 
used as the comparison substance in all determinations. 

Susceptibility of the pure components.—The mass and the ato- 
mic susceptibility of the pure element, from which the mixed 
crystals were obtained are given in Table III and for comparison 
values obtained by others workers are added. | 


Tasu ПІ. 
Element. Observed. Other workers. 
x x 107. Xa X 107. x * 107 х„‹х 107. 
Bhombie sulphur - — 508 —162'9 —5'1 (Curie) —100'0 (Bhatnagar 
d —4 9 (Pascal) and Dhawan) 
Belenium -8'04 -940'7  —8'04 (Honda  —985'0 (Pascal) 
and Sone) —254'0 (Bhatnsgar 


~8°1 (Curie) and Dhawan) 
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The values of susceptibility with composition of the mixed cry- 


stals and of mechanical mixture are tabulated in Table IV and 
the curve plotted is given in Fig. 1. 
TABLE IV. 
x x 107 X« (7108 
Wt 96 Atom № Mixed Atomic Mixed Mechanical 
Be. crystals. wt. orystals. mixture. 
А. 1°19 0°48 — 5'09 82°82 —164-5 -183'1 
B. 4°10 1°70 Би 82'86 —167°9 —164'1 
О. 7°25 3°06 —5'06 88:50 —169'5 —185'2 
D. 18°86 5°88 —~ 4'92 84°85 —171'b —167°6 
Е, 15°67 6°90 — 4°87 85°31 —171'8 —168'1 
Р. 17:42 7°86 4°81 85°76 —172'0 —168°8 
G. 20°71 9°60 ~ATA - 88°53 — 1728 —170`0 
Discussion. 


In discussing the results the following factors have to be taken 
into consideration. 

(a) Effect of impurities.—Spencer and John (loc. cit.) observed 
that magnetic susceptibility of alloys of elements particularly of Pb 
and Hg, which form mere mechanical mixtures of Pb and Hg in all 
proportions, did not show a linear relation between susceptibility and 
concentration as it should have; but on the other hand so marked 
were the deviations that alloys containing 8'6% to 47°6% by weight 
of lead were found to be strongly paramagnetic notwithstanding the 
fact that both pure lead and silver are diamagnetic. Montgomery 
and Ross (Phys. Rev., 1938, 48, 858) have, however, very recently 
observed that magnetice susceptibility of lead and silver alloys does 
vary linearly with composition and suggest that the departures from 
linear relation observed by Spencer and John (loo. cit.) are on 
account of iron contamination. 

In the present investigation, therefore, special precautions were 
taken to ensure the purity of the components as well as of the mixed 
crystals. Various physical properties, such as density, melting 
point, and magnetic susceptibility of the elements were determined 
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before use and the specimens having values corresponding to those 
given in standard books were only used. СВ. could be the only 
possible impurity in the mixed crystals. This impurity was kept 
out by maintaining the oven at 40-45° temperature which is the 
boiling point of O8,. They were further placed іп а vacuum 
desiccator. 

(b) Effect of absorbed gasses.—Shimizu (Sci. Rep. Томи Imp. 
Univ., 1989, 21, 826) has recently shown that in most cases the 
rapid decrease of magnetic susceptibility of an element like Bi, 
or Bb on the addition of an element like Sn, Te or Pb was 
not due to the formation of solid solution between the two ele- 
ments, as was previously supposed, but was due to the absor- 
bed gases in alloys. Alloys are generally prepared by heating the 
components to high temperature and then allowing the mass to cool. 
It is during this process of cooling that various gases are absorbed. 
In this system of 8—Se the possibility of gases being absorbed is 
remote because the mixed crystals have been prepared at ordinary 
temperatures out of solution and not at high temperatures employed 
in the preparation of the alloys. 

Moreover, if the gases had been absorbed then the value of the 
susceptibility would have decreased but on the other hand we find 
that the values had actually increased. From the table it is clear 
that if the concentration-susceptibility graph be plotted, then the 
curve will not follow the linear path which it would have were it to 
obey the simple additive law of Pascal for mixtures, but it follows 
a curved path. The maximum deviation from the additive value 
has been found to occur ata point where В and Se exist in a ratio 
82:1. Itis well known that both Sand Se exist in various mole- 
cular complexes as Sa, Seg, Bejg, Веза. 

The crystal pattern of sulphur consists of 128 atoms of sulphur. 
The deviation from the additive law, therefore, would appear to be 
due to the formation of В- Ве complexes which may be- represented 
by the general formula 8, Se, where x and y are any numbers. 


UNIVERSITY CHEMIOAL LABORATORIES, Received May 14, 1984. 
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Action of Amines on Quinolinic Acid. 


Ву ANANDA KisHoBRE Das AND INDU Вновом BARKER 


The action of mono- and diamines on phthalic acid has been 
studied by several investigators. A study of similar reactions on 
quinolinic,acid was expected to be of interest. 


Ghosh (J. Chem. Soc., 1919, 118, 1105) in an attempt to prepare 
compounds like phthaleins from quinolinie acid noticed that with 
aniline it gave quinanils similar to phthalanils. Sen-Gupta and 
Sarkar (J. Indian Chem. Soc., 1928, B, 401) studied the action of 
benzidine and tolidine on it, while Sirear (J. Indian Chem. Koo., 1982, 
9, 145) also studied in detail the action of phenylhydrazine. 


Philips (Ber., 1894, 27, 889) studied the action of ammonia on 
quinolinic acid. It was thought desirable to follow the course of 
the reaction of this compound with mono- and diamines, In this 
paper, its action on aniline has been studied under different experi- 
mental conditions. 


When aniline is mixed with quinolinic acid the mixture gets warm 
and aniline quinolinate (mono) is formed, a possibility forshadowed 
by Meyer (Ber., 1899, 32, 2122). On keeping this compound just 
near its melting point for a few minutes it changes to diquinolinate. 
Either of the above or a mixture of aniline and quinolinie acid on 
heating with glacial acetic acid gives the dianilide which when heated 
at225-240° changes to quinanil (Ghosh. loc. cit., records m.p. 
248-251° ; Engler, Ber., 1894, 27, 1789, gives 228°). The quinanil 
on boiling with alcoholic ammonia changes to quinanilic acid, 
m. p. 217° and this changes back to the anil on heating. 

The fact that the quinolinates respond to diazo test and regenerate 
aniline on treatment with cold dilute caustic soda proves that they 
are additive compounds, which is also confirmed by analysis. 

The quinanil obtained by Engler, Ghosh and by the present 
authors differs widely in its melting point, and while the compound 
obtained by Ghosh’s method could not be hydrolysed by boiling 


7 


708 à; A. К. DAS AND I. B. SARKER, 


alcoholic-potash or strong hydrochloric acid, that obtained by us 
could easily be hydrolysed by either of these reagents. 

A study of literature of the corresponding compounds of phthalic 
acid reveals a similar divergence in the melting points. Thus phthal- 
anilio acid has been found to have a melting point of 158? (Zincke, 
Annalen, 1884, 2328, 875), 170° (Meyer, loc. cit.), 192° (Laurent, 
J. Chem. Soc., 1847, 48, 605). Plthalyldianilide has m p. of 251° 
(Meulen, Rec.-trav. chim., 1897, 18, 846) and 281° (Rogoff, Ber., 
1807, 80, 1442). 

An attempt was, therefore, made to isolate some of these 
compounds to get a clue to this peculiar divergence in their melting 
points. It has been found that while Meyer’s compound is the real 
phthalanilic acid, that of Zincke is a phthalate with one molecule of 
aniline, the additive nature of the compound is determind as with the 
corresponding compounds of quinolinic acid. 


EXPERIMENTAL. 


Aniline qutnolinate (mono).—Quinolinie acid (0:6 g.) and excess 
of aniline when. mixed іп a test tube got warm. and soon changed to 
a solid mags. After leaving overnight, the solid was crystallised from 
alcohol as colourless prisms, m. p. 187° (decomp.). It solidifies at 
about 160-65° and remelts at 187°. It is highly soluble in alcohol 
and acetic acid. It also dissolves readily in a solution of sodium 
carbonate with effervescence and in cold caustic soda with separation 
of aniline. It responds to diazo test. (Found: М, 11°1; aniline,-- 
86-1. C44 H4, 4N90, requires М, 10'8 ; aniline, 85'8 per cent). 

Aniline quinolinate (di-)—The above substance (0'5 р.) was heated 
in а test tube gradually up fo its melting point and the temperature 
raised slowly up to about 160°. The solid is crystallised from 
alcohol as colourless needles, m. p. 187° (decomp.). It is soluble 
in alcohol and acetic acid and also dissolves m caustic alkalis 
in the cold with separation of aniline. It can be diazotised with 
cold dilute HCl and coupled with 8-naphthol. (Found: aniline, $9'0. 
C, 9H44N30, requires aniline, 52°0 per cent). 

Quinolinyl dianilide,—A mixture of quinolinie acid (1 part) and 
aniline (2 parts) and a few drops of glacial acetic acid was heated on 
a waber-bath for abont 8 hours. The mixture at first melted and then 
solidified. The solid was collected and crystallised from alcohol in 
long colourless needles melting at 225°, It is soluble in boiling 
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alcohol and insoluble in cold alkalis and can be hydrolysed with 
strong hydrochloric acid. (Found: М, 18°5; aniline, 69°0. 
Cy 9H МО requires М, 18/25 ; aniline, 58°7 per cent). 

(a) Quinolinic acid (0*5 в.) was mixed with excess of acetanilide 
and heated at 125° for 2 hours. On cooling the solid was crystallised 
from alcohol as fine colourless needlea, m. p. 225°. 

(b) Aniline quinolinate (mono) was heated above 187° for 
8 hours. When frothing was over the product was crystallised from 
alcohol as colourless needles, m. p. 225°. 

(c) Aniline quinolinate (di-) was kept above its melting point 
for about an hour. ‘The solid when crystallised melted at 225°. 

Quinanil.—Quinolinyl dianilide (0°5 р.) was heated at 225.240? 
for 1 hour and the solid crystallised from alcohol in colourless needles, 
m. р. 208°. Itis soluble in alcohol and acetic acid but insoluble in 
cold caustic soda. (Found: М, 12:8; aniline, 40°8. C,,H,N,O, 
requires №, 12'5 ; aniline, 41'5 per cent). 

Quinanilic acid.—-Quinanil (0:5 g.) was heated with alcoholic 

" ammonia for an hour unde” reflux. The solid separating was filtered, 
acidified with acetic acid, washed and crystallised from hot alcohol 
in colourless ато тю, m. p. 217° (decomp.). 1% is soluble in aleohol 
and in sodium carbonate solution with effervescence. If kept at the 
temperature of decomposition for about 15 minutes it changes to 
quinanil melting at 208°. (Found: ЇЧ, 1272; aniline, 89'0. C,4H,,- 
N40; requires М, 11'5 ; aniline, 38°4 per cent). 

Aniline phthalate (mono).—Phthalie acid (1 д.) was mixed with 

excess of aniline. The mixture which got warm and soon solidified 
was left overnight. The solid was crystallised from aleohol in 
colourless needles, m. p. 158° (decomp ). It is soluble in alcohol 
and acetic acid and dissolves in cold sodium carbonate soluton with 
the separation of aniline. It responds to diazo test (Found :i aniline, 
85:9. C14H13,0,N requires aniline, 86°0 per cent). 

Phthalie acid (1 g.) and excess of aniline was heated in & toluene 
bath for 1 hour. The solid that separated on cooling crystallised 
from alcohol in needles, m. p. 158°. 

Phthalanil.—The above substance was kept ata temperature of 
160-65° for an hour and the solid crystallised from alcohol in 
colourless needles, m. р. 205°. (Laurent gives the m. p. 208-05?). 

Phthalanilic acid.—Phthalanil (1 g.) was heated with alcoholic 
potash for 15 minutes. The solid that separated on cooling was 
washed with dilute acetic acid and then crystallised from alcohol in 
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colourless needles, m. p. 170?. (Meyer, 170°; Zincke, 168°; Laurent, 
190°). и 

This substance cannot be diazotised with cold dilute hydrochloric 
acid as the one melting at 158°, but can be diazotised after boiling 
with strong hydrochloric acid. When SEALER above 168 m. p. it is 
converted readily into phthalanil. 

The percentage of nitrogen in anils, anilides and quinolinates 
being very close it was thought desirable to confirm the results by 
estimating volumetrically the aniline content, where the divergence 
of percentage is greater, in the different types of compounds by the 
Maurice Franchois method (J. Phar., 1899, vi, 9, 521) which was 
found to work very statisfactorily. - 

Further work is in progress. We take this РЕНЕА of thanking 
the Principal of the college for his kind interest in the work. 
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Aotinodaphne Fat as & Parent Material for a New 
Detergent. А Note. 


By 8. V. PuNTAMBEEAR AND 8. KRISHNA. 


In our paper on the fat and oil from the seeds of Actinodaphne 
hookeri, Meissn (J. Indian Chem. Soc., 1988, 10, 895) it was pointed 
out that the fat could be employed as a source of laurie acid. Recent 
work on new detergents (Duncan, Ind. Eng. Chem., 1984, 26, 24) has 
shown that the alkali salts of lauryl sulphate possess certain properties 
which from the point of view as detergents are superior to those 
possessed by the ordinary soap. For instance, the amount of sodium 
lauryl sulphate required for washing is practically independent of the 
hardness of water, whereas the amount of the ordinary soap required 
to do the same work increases rapidly with the hardness. This is be- 
cause its calcium and magnesium salts, unlike the calcium and mag- 
nesium salts of the fatty acids of high molecular weight, are themselves 
good sudsents and good detergents. Furthermore, sodium lauryl 
sulphate is not easily affected by salt as the ordinary soaps are and 
performs as well in sea water ав іп tap water. The solubility and the 
sudsing capacity of sodium lauryl sulphate is more affected by temper- 
ature than that of the soap of corresponding molecular weight. It 
is, however, sufficiently soluble to sud, well in ice-cold water. 


Sodium lauryl sulphate is being sold in the U. В. А. as ‘ Gardinol 
W.A.’ in the textile trade and as ' Orvus' in other bulk supplies ; 
and these developments in the field of soap chemistry have met with 
considerable trade acceptance. 16 has further found use as ‘ spirit 
cleaner ' in which case a small amount of the sodium lauryl sulphate 
is dissolved in hydroalcoholic mixture containing about 85% alcohol 
and 5% glycerine. | 


For the preparation of the sodium lauryl sulphate, lauryl alcohol 
has hitherto been obtained by hydrogenation of either the cocoanut 
or the palm kernel oil followed by fractional distillation. The kernel 
fat of Actinodaphne hookeri which contains 96% of trilaurin can. we 
ruggest, be used more suitably for the purpose and in this note we, 
therefore, record the preparation and yields of trilaurin, methyl 
laurate and lauryl alcohol compounds which have now acquired 
considerable commercial significance, i 
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EXPERIMENTAL, 


Trilaurin.—1 Kilo. of the kernels of Actinodaphne hookeri seeds was 
crushed and expressed at about 40° in a hydraulic press, yielding 
480 g. (48%) of a pale yellow oil which on cooling became hard and 
crystalline. The residual cake on being extracted with petroleum 
ether further gave 270g. of the oil, making a total yield of 750 р. 
(76%). | 

200 G. of the fat were dissolved in 2 litres of 95% hot alcohol and 
the contents of the flask shaken during cooling, thus preventing the 
separation of trilaurin as an oily product. Trilaurin crystallised out 
in snow-white needles which on removal and drying weighed 170-180 g. 
(86-90% yield). | 

Methyl laurate.—In 200 р. of the fat in 2 litres of methyl alcohol | 
dry hydrogen chloride was passed upto 8%, after which the alcohol was 
distilled off. The residual esters were washed with sodium carbonate 
(2:595) and then with water and the dried esters were submitted to 
fractional distillation at 5 mm. The fraction boiling at 127-180°, 
is methyl laurate which is obtained in a yield of 90-95% (178-182 g.). 

Lauryl alcohol was obtained by the modified method of Ford and 
Marvel (‘‘Organic Syntheses,” Vol. X, p. 62) the yield being 65-75% 
of the theoretical amount. 

Sodium lauryl sulphate could be prepared by treating the lauryl 

alcohol with concentrated sulphuric acid in presence of acetic anhy- 
dride with or without a catalyst (Deuts. Hydrierwerke A.-G., B. Pa 
807, 709; Н.Т. Böhme A.-G., B. P. 317,089). 
-For commercial purposes the alcohol could easily be obtained by 
the high pressure hydrogenation (Schrauth, Schenck and Btickdorn, 
Ber., 1981, ВАВ, 1814) of trilaurin from Actinodaphne fat and from 
the similarly constituted fats Litsaea species (N. О. Laurinaceae) over 
sixty varieties of which are known to be found all over the country 
and which could serve вв an easy and acheap source of the raw 
material. Litsaea sebifera fat, for instance, contains 96% trilaurin 
(Schroeder, Arch. Pharm., 1905, 248, 681) and Глава zeylanica 
contains 85 % (unpublished results by the authors). The fats from 
other Indian Liteaeas are under investigation. 
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Synthesis of Benzopyrylium Compounds. Part I. 


Ву M. Goswami AND А. CHAKRAVARTY. 


Tt has been established by the authors (J. Indian Chem. Soc., 
1982, 9, 599) in a preliminary note on the subject that coumarins 
condense with phenols to give benzópyrylium compounds when 
phosphorus oxychloride is used as condensing agent. The followmg 
compounds prepared by the new method have slready been desaribed : 

(I) 2/:4-Dimethoxy-2.phenylbenzopyrylium ferric chloride (from 
coumarin and dimethoxyresorcin). 

(П) 2/:4'-Dihydroxy-2-phenylbenzopyrylium ferric chloride (from 
resorcin and coumarin). 


FeCl, FeCl, 
mc OMe c OH 


^ к OMe А С yon 
/ 
(Т) (1I) 


The reaction has now been further extended. As one of us is nob 
able to continue the work, the results so far obtained are published. 

The following compounds have been prepared: 4’'-Methoxy-2 
phenylbenzopyrylium ferric chloride (from snisole and coumarin), 


\ 8/:4-dimethoxy-2-phenylbenzopyrylnum ferric chloride (from veratrol 


and coumarin), 4:7-dimethyl-3/ : 4-dimethoxy-2-phenylbenzopyrylium 
ferric chloride (from dimethoxyveratrol and 4:7-dimethylcoumarin), 
4: 7-dimethy]-2' :4/-dimethoxy-2-phenylbenzopyrylium ferric chloride 
(from dimethylresorcin and 4:7-dimetbylcoumarin). 


EXPERIMENTAL, 


The general method already described in the previous paper 
(loc. cit.) has been adopted. The mixture of phenol and coumarin 
in molecular proportions was heated on the water-bath with РОС], 
until the mass thickened. It was then treated with ice cold dry 
ether repeatedly to take away the unacted coumarin and phenol and 
finally diseolved in strong hydrochloric acid and from the solution the 
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benzopyrylium ferric chloride compound was precipitated by concen- 
trated solution of FeCl, and crystallised from glacial acetic acid. 

4'.Methoxy-2-phenylbenzopyrylium ferric chloride —Dark red 
shining crystals, m.p. 125° (Found: Ol, 82°49; Fe, 12'8. C,,H)3- 
O,FeCl, requires Cl, 32°64;,Fe, 12°87 per cent). 

9! :4/-Dimethozy-2-phenylbensopyrylium ferric chloride. —Red 
microcrystals, m.p. 192°. (Found: Cl, 80°42; Fe, 12°20. C,,H;, 
Os FeCl, requires Cl, 30°64; Fe, 12°04 per cent). 

4:7-Dimethyl-8! :4-dimethozy-2-phenylbengopyrylium ferric chlo- 
ride.—Hed microcrystals, m.p. 180°. (Hound: Cl, 28:87; Fe, 
11°58. C,,H,,0,FeCl, requires Cl, 28:80; Fe, 11°86 per cent). 

å :7- Dimethyl - 9! : 4'- dimethozy -2-phenylbenzopyrylium ferric 
chloride.—Dark viole& powder, m.p. 150°. (Found: Cl, 20°14; Fe, 
10°97. C,gH,g0gFeCl, requires Cl, 23°89; Fe, 11°86 per cent). 


Untvarsrry COLLEGI ор Вотансв AND TROHNOLOGY, 
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o-Aldehydocarboxylic Acids. Part I. A New General 
Method of Synthesising Phihalonic Acids. А Syn- 
thesis of j-Opianio Acid and a New Synthesis 
^: of m-Opianic Acid. 


By BaTYENDRA.NATH CHAKRAVARTI AND MAHADEVAN SWAMINATHAN, | 


In an earlier paper one of us (B. N. C.) had pointed out that 
there were very few really good methods available for the synthesis 
of o-aldehydocarboxylic acids and а new general method of synthe- 
sising these acids starting from symmetrically dı-ánd tetrasubstituted 
derivatives of naphthalene was desoribed (Chakravarti, J. Indian 
Chem. Soc., 1988, 10, 698). The difficulty about this new method 
is that the starting materials for these acids are not yet readily 
available substances, and we have, therefore, devised another 
method of synthesising these acids. The method consists in oxidising 
homophthalic acid with an equimolecular quantity of selenium di- 
oxide in boiling xylene solution when the corresponding phthalonic 
acid is obtained’ in excellent yields. .The phthalonic acid is then con- 
verted into the corresponding o-aldehydocarboxylic acid through ite 
sodium bisulphite compound under the conditions previously desorib- 
ed.by one of us (loc. cit.). Homophthalic acids being readily 
available substances (cf. Perkin and Robinson, J. Chem. Soc , 1907, 

_ -.94, 1082; Ingold and Pigott, ibid., 1928, 128, 1476; Haworth, 
Perkin and Stevens. ibid., 1926, 1764; Chakravarti and Swaminathan, 
, Indian Chem. Soc., 1984, 11, 101), this new method of synthesis 

оша prove to be a valuable one. 

у-Орівпіс acid (T), for the synthesis of which numerous unsuc- 
cessful attempts have been made in the past (of. Solomon, Ber., 
1887, 20, 888; Perkin and Btoyl, J. Chem. Soc., 1028, 128, 8178; 
Edwards, Perkin and Stoyl, ibid., 1925, 196; Ohakravarti, J. Indian 
Chem. Soc., 1929, 6, 203; Robinson, ''On life and work of Perkin’’, 
p. 80) and which has been recently obtained by Robinson and Green- 
wood (J. Chem. Soc., 1982; 187) by the oxidation of 8-pseudognos- 
copine, has now been synthesised by an application of this method. 
5:6-Dimethoxyhomophthalic acid (II) was oxidised in boiling xylene 
solution by means of selenium dioxide to $:0.dimethoxyphthalonie 
acid (III). The phthalonic acid was then converted into ұ-оріапіе 
acid under conditions described in the experimental section, 
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MeO MeO MeO 
MeO /“\ CH, COOH MeO CO'COOH Me0/\, CHO 


TU Pu d S 
соон ^ ‚ ` N/OO00H . соон 
Ш) Ст ш) (I) 


The acid thus obtained had all the properties of p-opianic acid 
obtained by Perkin by the hydrolysis of berberal (J. Chem. Soc., 1890, 
87, 1064). For’ confirmation of its identity it was reduced to у-пае- 
coine (m p. 124°) and also converted into its oxime (m.p. 125°), and 
hemipinimide. The mixed melting points of these derivatives with 
the corresponding authentic specimens showed no- depression. 

" In asimilar manner, opianic acid (IV), which had previously 
been synthesised by tedious methods (cf. Fargher and Perkin, J. 
Ohem. Soc., 1921, 119, 1724; Perkin and Stoyle, loc. cit, ; Perkin, 
Edwards and Stoyle, loc. cit.), has now been obtained from 4:5." 
dimethoxyhomophthalic acid (V) in an excellent yield. .. . .. 


‘MeO /NCH,' COOH  MeO/\CO'COOH MeO /NCHO 


MeO COOH MeON / COOH MeO COOH . 
cV) | (V1) (IV) 


4 


A number of other phthalonic acids have been similarly вур- 
thesised and an account of the syntheses of all the ‘methoxy 
and methylenedioxy-0- aldehydocarboxylic acids is reserved for a’ 
future communication. Я Р 

' Another interesting method of “converting homophthalio acide to 
0- ;plolsdaldehsdo acids has also been discovered. When а homc’ 
phthalic acid is treated with 4 molecules of phosphorus pentaohlorid 
a tetrachloro compound is formed which on hydrolysis gives rise Py 
the corresponding phthalonic acid. The latter acid can then “< 
converted into tne. "corresponding 0- aldehydocarboxylio acid. -Thus 
¥-opianic acid, which had resisted all previous attempts at synthesis, 
has now been synthesised in the following manner:— - : 


= 


MeO : MeO CCl, 
Me0/\CH,’COOH MeO / NS NDOL 
‚ PCI 
/ COOH ММ 
A P ‘CO 


(VIR 
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* MeO MeO - 
MeO0//NCO:COOH. MeO//NCHO 


-N/COOH . — -NZCOOH 


EXPERIMENTAL. 


7 ч 
T 


Ав а result of & series of comparative experiments, the following 
condition of oxidation was arrived at as giving the best yield of the 
phthalonie acids from the corresponding homophthalie acids. 

The homophthalic acid (1 mol.) was suspended in dry xylene 
(generally 100 e. с. for 1 g. of the acid) and the mixture heated to 
boiling. -Selenium dioxide (1 mol.) was then added to the boiling 
xylene solution and boiling continued for 5 to 8 hours. After the 
oxidation, the xylene solution ‘and the insoluble residues were tho- 
roughly extracted with dilute sodium carbonate solution and the 
combined extracts made just acid with concentrated hydrochloric 
acid and evaporated to dryness on а steam-bath. The residue which 
contained the free phthalonic acid together with inorganic and other 
substances were worked up differently in different cases. 

The phthalonic acids, which were generally isolated as aniline 
derivatives or directly converted into o-aldehydocarboxylic acids, 

were obtained thus in yields varying from 50 to 80%. Longer boiling 
with selenium dioxide in xylene solution or boiling with excess of 
selenium dioxide did not IDEO the yields in чен of the 

~ cases. 

y-Opianic acid.—5:0-Dimethoxyhomophthalie acid (b .g.) was 
suspended in dry xylene (500 с.о.) and the mixture heated to boiling. 
To the boiling mixturé, selenium dioxide (8 в.) was added and the 
boiling continued for 8 hours.. During this process the homophtha- 
lic acid gradually went into solution and а reddish solution, containing 
a black deposit of selenium, -wàs obtained. -The mixture was tho- 
roughly extracted with dilute sodium carbonte solution and the 
combined extracts just acidified and evaporated to dryness. The 
residue was then taken up in boiling water- (50 c:c.), filtered 
from a little insoluble matter and the filtrate treated with ex- 
cess of sodium bisulphite solution. and evaporated to dryness on a 
steam-bath and then heated for half an:hour at 120° in an air 
oven. The residue thus obtained was twice stirred up- with 
excess of concentrated hydrochloric acid and evaporated to dryness 
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оп а steam-bath. This residue was then extracted twige with boiling 
benzene and from the combined benzene extract the solvent removed 
by distillation. The residual oi] was heated on the steam-bath with 
aniline (4 с.с.) for 10 minutes.. On adding a little methyl alcohol 
and scratching, the aniline derivative separated. On recrystallisation 
from methyl alcohol, it was, obtained as beautiful silky needles, 
m.p. 187°, yield 1'5 в. (Found: С, 67:8; H, 5°8. The aniline 
а онаи acid 95 eH, 5049 requires C, 67:4; Н, 5:8 
рег cent): Ё 

The aniline derivative d к was heated with dilute 9 
acid (10 c.c.) on the steam-bath for 14 hours. On cooling an acid 
separated in wooly needles; which on being recrystallised from water 
and dried on а water-bath melted at 121-22°, (Found: С, 57:5; 57'6; 
Hi 5:0, 61. С, Н, „Оз requires C, 57:1; H, 4'8 per cent). | 

-- The acid was reduced under conditions similar to those used by _ 
Perkin for reducing y- оріапіс acid to y- meoonine, wheri а substance, 
m.p. 124°, identical in all respects with y-meconine, was obtained, 

' On treatment with hydroxylamine hydrochloride under conditions 
described by-Perkin (loc. cit.), it gave rise to an oxime, m. р. 124°; 
identical with the oxime of y-opianic acid. 

5:6- Dimethozy-8:8:4:4 - tetrachloro -8 : 4- isdem 
(VII).—5 :6-Dimethoxyhoniophthalie acid (8:6 g.), mixed with phos- 
phorus pentachloride (19:5 д.) and phosphorus oxychloride (6 g.) was 
heated for 8 hours at 140-150?. The phosphorus oxychloride was 
removed under reduced pressure from з water-bath and the residue was 
treated with cold water, when a solid separated. This solid on + 
érystallisation from methyl alcohol gave’ (VIT) in: beautiful prisms, / 
m.p. ‘128°, yield 0'8 g. (Found:. О, 88:8, 88:87; Н, 2'46, 2'41; Cl, 
40°96; 410. C,,HgO,Cl, requires С, 38:23; H, 2:8; Cl, 4L'0: per 
верф). ` This chloro’ compound is readily. -&oluble- in шү solvents 
and is ; remarkably stable towards water and methyl alcohol. i 

Conversion òf (VIT) to v- -opianic acid.—The tetraohloroisocoumarin: 
(1 g. ) ‘was added to'methyl alooholic potash (2 в: dissolved in 50 o.c. 
of methyl alcohol) апа refluxed for 8 hours on the steam bath.. The 
mëthyl aleohol was then complétely. removed and the residue’ 
dissolved in water. The solution was made just acid and evaporated 
tb "dryness;- The: residue was taken up'in 10 o.c." of 40 '9y 
sodium ‘bisulphite and -the sodium’ bisulphite: compound- on- being 
treáted in the: manner ` described earlier gave’ ап. aniline -derivative 
(0°6'g:), m.p: 1872, and‘an aldehydo-aéid,; m.p.-121-22°,: which were: 


ш 


ч 
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found to be identical with the aniline derivative of ¥-opianic acid and 
with ~-opianic acid respectively, and the mixed melting points show- 
ed no depression. 

m-Opianic acid—(i). 4:6-Dimethoxyhomophthalic acid (6 g.) was 
oxidised with selenium dioxide under conditions described in the case 
of 5 :6-dimethoxyhomophthalic acid and crude phthalonic acid, obtain- 
ed in the manner described under the general method, was taken up 
іп 100 e.c. of boiling water and treated with anilme (4 с.с.). The 
mixture was heated for 4 hour when the aniline salt of 4:5-dimeth- 
oxyphthalonic acid separated in an excellent yield (4 g.). The aniline 
derivative crystallises from methyl alcohol in glistening laminae, 
m.p. 179-80°. The aniline derivative on being treated in the manner 
described for m-opianic acid by Perkin and Fargher (loc. cit.) gave 
an acid, m.p. 187-88°, which was identical in all its properties with 
m-opianie acid. (Found: С, 56°7; Н, 5'0. Cy9Hj,0, requires 
C, 57°1; Н, 4°8 per cent). i 

(ii) When the oxidation in xylene solution was carried out for 
8 hours and the produet worked up ав before, the yield of the aniline 
derivative was 6 g. 

)їй) When the oxidation was continued for 16 hours, the final 
yield was a little over 5 g. 

Oxidation of homophthalic acid.—Homophthalic acid was prepared 
according to the method described by Ingold and Pigott (loc. cit.) and 
oxidised under 8 different conditions described in the previous case. 
The following yields of the aniline derivative of the phthalonic acid 
were obtained :— 

(i) Boiling in xylene solution with selenium dioxide for 8 hours. 
From 5 g. of the homophthalic acid 8 g. of the aniline derivative, 
m.p. 166°, was obtained. 

(it) When the boiling was continued for 8 hours, the yield of the 
aniline derivative was 2°5 р. 

(iii) When the boiling was continued for 16 hours, the yield of the 
aniline derivative was reduced to 2 g. 


CHEMICAL LABORATORY, 
ANNAMADAI UNIVHESITY. Received August 8, 1084. 


Some Indian Acorn Oils (Quercus incana, Roxb.; 
Q. dilatata, Lindl., and Q. ilex, Linn.). 


Ву 8, V. PUNTAMBEEAR AND 8. KEISHNA. 


Quercus grow all over the hills in Northern India and yield acorns 
in great abundance. At present these find no commercial application 
because of the low percentage of oil in the kernel and the poor 
quantity of the tanning material in the ‘acorn cups’ (‘Valonia’ of 
trade). In view of the absence of any chemical data on the oils 
(with the exception of Q. agrifolia—Blasdale, J. Amer. Chem. Soo., 
1895, 17, 985) it is considered desirable to place on record our 
findings. 

Of about thirty species which occur in India, Q. incana, Roxb. 
Vern. Banj (Punjab) is probably the most common and the best 
known and the oil from this was, therefore, investigated in detail. 
The acorns. were sent to us from Wazirstan (М. W. Е. Prov.).: 

The kernels (81%) on separation from the shells were dried, 
powdered and extracted for the oil in a Soxhlet with petroleum 
ether. In this way 16% of the oil were obtained which after 
complete removal of the solvent under vacuum was employed for 

\ the determination of its constants, 


Q. incana, Q. dilatata. Q. йөз. 


Consistency € Thin Thin Thin 
Colour ase Yellow Orange Orange 
Вр. gr. at 25° m 0°9081 0°9084 0°9079 
Refractive index ab 80° з 1°4576 1'4588 1°4576 
Saponifcation value ae 199:8 188'4 189'9 
Iodine value (Hanus) е 81°5 90:8 880 
Acebyl value nie 14°8 211 1714 
Hehner value T 96-1 88'2 94-9 
Acid value eae 18'0 22'2 8'5 


Unsaponifiable matter Ses og% 2'3% 0'9% 
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Composition of the Fatty Acids (incana oil). 


After removal of the unsaponifiable matter the mixed fatty acids 
were separated into solid and liquid acids by the Twitchell’s 
method and both these acids were further divided into their compo- 
nents by the fractional distillation of their methyl esters, 


Chemical constants of the mixed fatty acids, 


Mean molecular weight 285:2 
Iodine vslue (Hanus) 80°8 
Saturated acida 18:0% 
Unsaturated acids 82'0% 


Saturated actds.—160'7 Q. of the mixed acids, from which the 
unsaponifiable matter had been removed, gave the following fractions 
after perforn.ing the Twitchell’s operation twice. 


Acids. Iodine value. M.W. Net weight. 
8— вона 0 2681 191 g. 

‚ Ba—solid 48'6 802°0 Q°4 
L-—1iquid 85:8 288'0 1292 


Solid acids (В) were converted into their methyl esters and 20-4 в. 
of the dry neutral esters were fractionated at 3-5 mm. The liberated 
acids from each fraction were fractionally crystallised for identifica- 
tion of their components. 











Fractions. B.p. Weight. M.W. of Component of the eaters. 
the acids. Methyl palmitate Methyl lignocerate. 
В, 188-70^  18'88 в. 254°8 18°83 g. is 
83 170-75 8:80 265°4 3°02 0°28 g. 
Bs 175-85 1°47 2750 1°22 0'26 
Residue >185° 1°60 289'8 l'Ib 0*85 
Toss sas 0'80 
Total 2J'4C 19:29 0°88 


_Fraction B, melted at 28-30° and the hberated acids on ory stal- 
lisation from acetone gave a product (m.p. 61-62° and M.W. 264) 
which was identified as palmitic acid by its mixed melting point 
with an authentic sample. 
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Fraction 8, melted at 26-28° and the liberated acids had в m р. 
of 60-57? and a M.W. of 205-4. Two orystallisations from acetone 
raised the M.W. to 267 but did not alter the m.p. indicating the 
fraction to consist mostly of palmitic acid and a small portion of an 
acid (possibly lignocerio) of higher molecular weight. 

_ Fraction 8;—The acids from this fraction on crystallisation gave 
а product m. p. 66-58? and М. W. 282:0. Further crystallisation 
did not appreciably improve the purity of the acids which again 
appear to be & mixture of palmitic and perhaps lignoceric acids. 

The residue on thrice crystallisation gave the following products: 


Orystallisation | M.p M.W. 
1 60-61* 818`@ 
2 63-64 
3 68.60 8406 


The amount of acids at this stage being small, further crystallisa- 
tions were not attempted. The above results show that at no stage 
dothe m.p. and the M.W. agree to those of pure acids (palmitic, stear- 
ic, arachidic and behenic). Comparatively high M.W. and the corres- 
pondingly low m.p. of the products, however, indicate the residue 
to be mainly a mixture of acids of high and low molecular weights 
such as palmitic and and lignoceric but not of two consecutive acids 
s-ch as palmitic and stearic or stearic and arashidic and во оп. 

‚ Though no lignoceric acid has actually been isolated yet for purposes 
of calculations its presence has been assumed. 

m The above resulte indicate that the solid acids consist mainly of 
palmitic acid together with а small amount of an acid, such aa 
lignoceric. acid, of high molecular weight. 

Fraction S,—The amount of these acids was foo small for fuller 
identification. On dissolving in petroleum ether they produced 
turbidity. This fact coupled with their appreciable iodine value and 
high M. W. indicates that besides oleic and palmitic acids they contain 
a small amount of hydroxylated product such as dihydroxysteario acid. 


Unsaturated Acida. 


The liquid acids (L) were saponified to break up the esters 
which might have been formed in the alcoholic treatment. The 
slightly lower iodine value and the higher M. W., when compared with 
those for ordinary oleic acid, indicate that the acids contain some 
saturated acids. 


794. 8. V. PUNTAMBEKAR AND 5. KRISHNA 


A portion of the acids was converted into its potassium soap and 
oxidised by & dilute potassium permanganate solution according to 
the method of Lapworth and Mottram (J. Chem. Soc,, 1925, 127, 
1828). The oxidised product was identified as dihydroxystearic acid 
(m. p. varying from 120-182; M. W. 816) and the unoxidised portion 
(7 0%) was left as a viscous mass of mean M. W. 278°0 and iodine 
value 7'8. Another portion was oxidised after being converted into 
potassium soap by a concentrated solution of potassium permanganate 
according to the modified method of Hilditch and Priestman (Analyst, 
1981, 66, 854). The unoxidised acids obtained after magnesium 
salt separation (5'0 %) melted at 58-54° and hada М. №. 280°2 and 
iodine value zero. 

The above oxidation experiments indicate that the unsaturated 
acids in the liquid acids (L) consist entirely of oleic acid with the 
possible presence of some of its isomers and that the acids of more 
than one double bond namely, linoleic etc. are absent. They also 
prove that the liquid acids still retain a small amount of solid acids 
probably palmitic acid (a factis also borne out by the iodine value 
ofthe liquid acids). The higher molecular weight is in all probability 
due to the incomplete removal of the dihydroxystearie acid (Jay, 
J. Вос. Chem. Ind., 1982, 51, 126 т). 

The remaining portion of the liquid acids was converted into 
methyl esters in the usual way and 110 р. of these were fractionally 
distilled at 3-5 mm. pressure with the following results. 


Component of the esters. 
Fractions. В. p. Weight. Iodine 
value, Methyl palmitate. Methyl oleate or 
isomers. 
la 50-175° — 84g. 52:0 0°82 1:49 
Тв 175-180° 41°18 80° 2°67 88°46 
Із 180-188? 44°90 85 5 -— 44'00 
Ia 188-188* 8*05 78:0 — 8*05 
Residue 18:07 57°0 — 13*07 
Loss 1:41 — — — 
Total 110730 — 8*59 105:00 


Fraction L,.—The acids from this when liberated and dried set 
to a viscous mass, the dilute alcoholic solution from which on cooling 
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yielded & small amount of acid, m. p. 55-56°. This appeared to be 
palmitic acid. The amount being small further purification was not 
attempted. 


Fraction L4.—The iodine value indicated this fraction to contain 
а small amount of в saturated substance, evidently methyl palmitate, 
but it could not be isolated. 


Fraction L3.—This is wholly methyl oleate. 


Fraction L,.—The low iodine value indicates that either the 
esters must have been polymerised to some extent or that they 
contain some isomer or isomers of methyl oleate of low iodine value 
and higher b. p. The varying m. p. of the dihydroxystearic acid 
obtained in Lapworth’s oxidation experiment supports this assump- 
tion. Itis quite possible that in nature the oleic acid is more 
often associated with its isomers than is commonly realised. It 
also appears not unlikely that this fraction contains a small amount 
of oxidised methyl oleate (Puntambekar and Krishna, J. Indian 
Chem. Soc., 1988, 10, 210) which, however, was not isolated. The 
residue was a very dark viscous mass containing mostly the polyme- 
rised and degradation products of methyl oleate and almost all the 
colouring matter of the mixed acids. 


The above results of the fractional distillation of the methyl 
esters of the solid and liquid acids on calculation gave the following 
percentage composition for the fatty acids. 


Acids. Weight. Percentage. 
Palmitio ОБУ g. 171 
Lignoceric (?) 1'8 0*0 
Oleic 128'6 82:0 


Unsaponifiable matter.—Since the attempts to orystellise the 
sterols from the alcoholic solution of the unsaponifiable matter, 
obtained from the mixed fatty acids in the usual manner, was not 
successful, they were precipitated with 1% solution of digitonin in 
alcohol. As the amount of the precipitated digitonide was very 
small it was directly converted to sterol acetate by refluxing it 
with acetic anhydride. The purified sterol acetate melted at 126-28° 
and is apparently the acetate of the common phytosterol, sitosterol, 
found in vegetable oils. 
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The residue from the mother liquor was taken up in boiling xylene 
and filtered. The material obtained after the complete removal of 
the solvent was а viscous mass, iodine value 59°2. It burns with 
a smoky flame but is soluble ia cold concentrated sulphuric acid. 
These facts indicate it to be an unsaturated hydrocarbon or a mixture 
of such hydrocarbons. The material being very little further identi- 
fication was not possible. 


SUMMARY, 


The oil from the acorn kernels of Quercua incana has been found 
to contain the glycerides of palmitic, lignoceric and oleic acids and a 
small amount of sitosterol. 


Forsrt RasHAROH. INSTITUTE, 


Dgnua Dow. Received May 16, 1984. 


Photosynthesis of Amino Acids. 


By М. В. Duar AND 8. К. Muxuznr. 


It is generally believed by plant physiologists that synthesis 
proteins in plants can take place even in the dark, provided carb: 
drates are available and nitrogen assimilation by plants is nc 
photochemical process. 

In order to test this point, we have tried to synthesise in 1 
amino acids by exposing to sunlight solutions of glucose or gl 
and nitrates in presence of different catalysts and photosensit: 
and results are recorded in this paper. The detection and estima 
of amino acids have been satisfactorily described by Mitchell 
Hamilton (** Biochemistry of Amino Acids,” 1929). 

Small amounts of amino acids can be detected and estim: 
colorimetrically by the triketohydrindene hydrate, also known 
‘‘ninhydrin”’ 


О 
C,H, С> (ОН),. 


А blue colour develops when this reagent is m 
wilh an amino acid containing one free carboxyl and 
free amino group in the a-position and the mixture hea 
This reaction is sensitive to the extent of one part of an a-an 
acid dissolved in 15,000 to 80,000 parts of water. With ammon 
hydroxide and ninhydrin, a yellow or red colour is obtained. Am 
nium salts, urea, uric acid and hippuric acid form a faint ye. 
coloration with ninhydrin. Concentrated solutions of айоо? 
aldehydes, ketones and reducing sugars cause a red colour with 

hydrin and this disappears on cooling or dilution. The blue co 
produced with amino acids and ninhydrin, appears to be of сос 
nature and hence in this test an excess of neutral salts has to 
avoided. Addition of pyridine seems necessary as it acts as a bi 
and keeps the colouring matter in solution. With this valuable reag 
the amounts of amino acids obtained photosynthetically could 
estimated colorimetrically by & Duboseq colorimeter according to 
method of Harding and McLean (J. Biol. Ohem., 1915, 20, 217; 1! 
24, 503). The test is ordinarily applied in the following way 
Dissolve 0*1 g. ninhydrin in 100 с.о. of water and prepare a 10% в 


128 N. В. DEAR AND 8. К. MUKHERJI 


tion of pyridine in water. 1 C.c. of the solution containing the amino 
acid is mixed with 1 o.c. of the ninhydrin solution and 10.0. of the 
pyridine solution and the mixture heated in a test tube in boiling 
water for 20 minutes and if an amino acid is present, a bluish or bluish 
violet colour develops. On comparing the tint obtained witha stan- 
dard solution of glutamic acid, which is quite stable in the dark, the 
amount of amino acids photosynthesised could be estimated. The 
glutamic acid (B.D.H.) used in these experiments, was free from 
glucose and other impurities and was pure as determined by its melt- 
ing point (197-98°), 

N/2 solutions of different nitrates (100 o.c) and glucose (5 д.) were 
exposed to sunlight in open 250 в.с. pyrex glass beakers and it was 
observed that in the absence of a photosensitiser, practically no 
amino acid is obtained. Amongst the photosensitisers, titania is the 
best ; uranium ammonium carbonate acts as & feeble photosensitiser 
in the formation of amino acid from nitrates and glucose. In the 
following experiments, 1 g. of titania was added and the mixture stirred 
from time to time and 5 с.о. of the solution withdrawn and filtered 
and the amino acid formed was estimated colorimetrically by adding 
ninhydrin. The following results have been obtained. 


TABLA I. 
Amounts of amino acid formed with 

Time. N/9-NH4NOs. N/2-NaNO,. N/9-KNOs. 

9 hr. 0 | 0 0°000128N 

4 0*00006N 0'00027N 000040 

6 0"00195 000040 0'00084 

8 0700109 000024 0700110 
10 000058 0:00020 0°00084 
18 000000 0*00018 0°00027 
Dark 0 0 0 


The foregoing results show that the amount of a-amino ' acids 
photosynthesised from glucose and nitrates in presence of titania, 18 
maximum with ammonium nitrate and minimum with sodium 
nitrate. Moreover, the amount of a-amino acids photosynthesised 
reaches & maximum value with increase of exposure and then falls 
off on further exposure. After 15-20 hours’ exposure, practically no 
amino acid is detected, probably -due to their photo-oxidation. It ig 
jnteresting to note that 10 amino acid is obtained from glucose and 
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nitrates and titania when kept in thedark for several days, but in 
diffused light, appreciable amounts of amino acids are formed in open 
shallow porcelain dishes. When N/2-NH,OH or NH,Cl or N/2- 
(NH,)g БО, is substituted for nitrates, no amino acid is photosyn- 
thesised in this way, although plants like barley, rice, maize and 
pumpkins, which are rich in carbohydrates, readily take up ammonium 
salts. 

The effect of the addition of differently coloured inorganic salts 
(0:5 g. in each case) to a mixture of glucose (4%), N/2-potassium 
nitrate and titania (1 g.) was also investigated and the results are as 


follows. 
TABLA II. 
Time—> 4 hrs. 8 hrs. 12 hrs. Dark 

Uranium acetate 0'00014 N 0°00054 N 000007 N 0 
Cobalt chloride 000014 0°00058 0°00007 0 
Copper sulphate 0:00018 0700040 0°00005 0 
Nickel sulphate 0*00018 0'00040 0*00005 0 
No coloured salt 0°00012 0°00085 0*00008 0 


These results show that increased light absorption by the mixtures, 
increases the amounts of amino acid photosynthesised. 

The results in Table III show that ferrous sulphate increases the 
yield of amino acid but sodium phosphate or calcium carbonate is 
without any influence. 

oo TABLE III, 


0*5 G. of each reagent added. 


Time. Sodium phosphate. Oalcium carbonate. Ferrous sulphate. No reagent. 


á hr. с O°00014N 0*00014N 0*00021N 0*00014N 

6 0'00021 000021 0-000928 000021 

8 000085 000085 000049 000084 
10 . 000035 ’ 000035 0°00028 000084 
19 0-00014 0*00014 0200008 0*00014 
Dark 0 0 0 0 


It seems that the photo-oxidation of amino acids on prolonged 
exposures is facilitated by ferrous sulphate, as the amounts of amino 
acids decrease more readily in its presence when the exposure is 
prolonged. 


2 
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In the following tables, the influence of the variation in the 
amounts of nitrates, glusose and titania has been investigated. 


Tasg IV. 


4 G. of glucose and 1 g. TiO, used. 


Exposed for —> 6 hrs. 8 hrs. 10 hrs. 
NJ2:5-KNO; 0:00085N 0*00084N 000027 
N/6 000085 000088 0*00029 
N/10 0°COO8E 0*00088 000083 
N/90 0 C0084 000082 000088 
N/40 0-00029 d 000085 
№/80 000099 "T 0:000292 
N {160 0 re traces 
N/890 0 "m 0 
TABLE V. 
2G, of КМО, and 1 р. of ПО, used. 
gluoose ( g.) ... 4 д 1 0° 0'25 — 0196 00685 
с (hrs.  ... 0'00089N 000085 000008 000098 000014 0700007 0-00008 
& la hra, 0'00060N 003080 0'00007 0 0 0 0 
2 G. of Glucose апа 1 g. of КМО, used. 
TiO. (g) se 8 2 1 0 
3 [ hrá, ... 0:00089N 000085 0°00028 000007 
ЕЧ |B8hr. .. 00001 0700019 000042 000029 


The results recorded in Tables IV and V show that after the 
limiting concentration N/80, the amount of amino acid photo- 
synthesised increases slightly with increase of ‘potassium nitrate 
concentration. When the concentration of KNOg is N/160 or 
smaller, practically no amino acid is photosynthesised. 

The amount of amino acid produced increases appreciably with 
increase in the glucose concentration. Increase of titania also 
increases the photosynthesis. 

In order to find out whether the products of the reaction affect 
the activity of the titenia surface, the following experiments were 


` 
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‘performed. Three beakers А, B, С each containing 2 р. of glucose, 
2 g. of KNO, and 1 g. titania were exposed to sunlight. The beaker А 
was left undisturbed. The solution in beaker В was changed after 
8 hours’ exposure and fresh solution of the same concentration was 
putin. In beaker C, after 8 hours’ exposure, the titania was replaced 
by the same amount of fresh titania. The amounts of amino acid 
photosynthesised are recorded in Table VI. 


TABLE VI. 
Time —> 8 hrs. 12 hrs. 14 hrs. 
A. Glucose (2 g.) + 0:00085 № 0*00022 N 0:00007 М 
KNO, (2 Е) + 
1103 (1 g.) 
В. Same TiO, but new 
eolution after 8 hrs. — 0*00007 0 
О. Rame solution but 
fresh ТО after 8 hrs. — 0°00048 0°00049 


It seems that the surface of titania in contact with the exposed 
solution becomes ineffective probably due to the adsorption of the 
products of the reaction. 

Not only glucose but fructose, mannose, galactose and arabinose 
when exposed to sunlight with potassium nitrate and titania yield 
amino acids. Moreover, substances, which on exposure to light 
form reducing sugars readily, also produce amino acids with KNOg, 
as is evident from the following table. 


Тавів УП. 
m., 
/ — N[2-KNOg and 1 в. of TiO, with 5% solutions of the following. 


Тагфапо acid. Glycerol. Glycol. Lactio acid. Citric acid. Malic acid. 
© И hrs. 0°00089 N 000046 М 0`00086 N 0 0 0 
A 12 hrs. O'OOOOLN  0'00008 М 000002 N 0 0 0 


With lactic, citric and malic acids, reducing sugars can be 
detected by Fehling’s or Benediot's solution only after long 
exposures, whereas with glycerol, glycol and tartaric acid, sugars 
are detected even after an exposure of 80 minutes with potassium 
nitrate and titania. 

1$ is known that ammonium lactate forms alanine in the 
animal body. Onexposing 3% solution of ammonium lactate with 
titania, amino acid is detected after five hours. Оп the other hand, 
ammonium tartrate, ammonium malate, ammonium cifrate and 
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a mixture of ainmmonia and glycerol even after 30 hours’ exposure to 
sunlight do not produce any amino acid. . 

Attempts were made to isolate the amino acids formed in 
photosynthesis from (а) mixtures of 60 о, о. glycol and 20 g. of 
potassium nitrate, and (b) mixtures of 20 g. glucose and 20 g. of 
potassium nitrate in presence of 10 р. of titania per litre of solution 
exposed in open shallow porcelain dishes to sunlight for 6—8 hours. 
It was suspected that glycine would be formed from glycol and 
arginine from glucose. 

(a) With glycol.—The exposed solution was filtered to free it 
from titania and was concentrated under vacuum on a water-bath. 
The amount of amino acid formed was estimated colorimetrically and 
an equivalent amount of sodium carbonate was added and followed 
by the addition of excess of mercuric acetate solution and a stream 
of ОО» was passed. The precipitate obtained was filtered and to 
the solution, alcohol wes added to precipitate the mercury salt of 
glycine carbonate, which was first washed thoroughly with alcohol 
and then with cold distilled water. Н.В was passed to liberate the 
amino acid and the excess of Н.В removed by а current of hydrogen. 
On evaporation glycine separates out (cf. Neuberg апа 
Kerb, Biochem. Z., 1012, 40, 498; Siegefried Schutt, Z. physikal. 
Chem., 1912, 72, 200). This method yields the amino acid, which 
has to be further purified by dissolving it in water and treating the 
solution with alcohol and Ba(OH), and a stream of CO, (cf. Kingston 
and Schryver, Biochem. J., 1924, 18, 1070). The precipitate was 
filtered and washed with alcohol and then with cold water. The g 
glycine was’extracted with hot water from the barium carbonate, 
which was filtered off. On evaporation, crystals were left. 

The amino acid gave & strong blue coloration with ninhydrin and 
a red coloration with ferric chloride and a blue colour with phenol 
and sodium hypochlorite. These are important tests for glycine. 
The meling point of tha crystals varied from 220° to 228° (m. p. of 
glycine, 225°—280°). Glycine forms a soluble copper salt, 
which was prepared and dried and ignited and weighed as CuO. 
From 0°1170 g. of the copper salt 0°0885 g. CuO was obtained in опе 
experiment giving в molecular weight of 80'i for the amino acid 
(theoretical 75). | 
' (b) With glucose.—AÀs in the former case (of. Neuberg and 
Kerb, loc. cit.) the amino acid was first purified by decomposing 
the mercury salt with Н.В; but in this case, the amino acid is 
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contaminated with glyouronie acid. То purify the amino acid 
further, flavianic acid was added to the solution and kept in the 
cold for 8 days. The orystals obtained wers washed in cold 
water and again purified by recrystallisation. The melting points 
of different samples varied from 257° to 270°, when there was 
carbonisation. The m. p. of arginine flavinate is about 260° (cf. 
Kossel and Gross, Z. physiol. Chem., 1924, 185, 167). 

In order to isolate the amino acid, the flavinate was dissolved 
in 88% hot HgSO, and the sulphonic acid was removed by extraction 
with butyl alcohol. The aqueous solution was treated with Ва(ОН)о 
in excess and saturated with CO, and filtered. The filtrate on 
evaporation yields an amino acid, which sinters at 284? -and carbo- 
nises at 240° and gives the tests for arginine. Further work on the 
isolation of the amino acide in the pure state is in progress. 

The experimental results recorded. above ‘show that small 
amounts of amino acids are readily formed in vitro by the interaction 
of nitrates and carbohydrates, or substances which produce carbo- 
hydrates, readily when exposed to sunlight in presence of suitable 
catelysta and photosensitisers and no amino acid is synthesised in 
the dari. 

In plants, not only six membered carbohydrates but six member- 
ed amino acids, such as leucine, arginine, lysine, histidine, trypto- 
phan and cystine chiefly occur in plant proteins. Amongst the amino 
acids obtained from the plant proteins, arginine occurs in the largest 
amount. We have been able to obtain evidence of arginine forma- 

^. tion from glucose and nitrates and titania in presence of sunlight. 
It seams, therefore, that the amino acids in plants аге synthesised 
from carbohydrates and nitrates and that sunlight is an important 
agency in this reaction and the plant pigments are likely to behave as 
sensitisers, just as titania and uranium salts sensitise the process 
in vitro. 

In previous publications (J. Indian Chem. Soc,, 1988, 10, 287, 
600) it has been observed that aqueous solutions of amino acids are 
readily oxidised to ammonia and carbon dioxide and other products 
in presence of light and air. It appears, that the amino acids 
obtained in photosynthesis are oxidised by potassium nitrate or 
oxygen of the air in presence of sunlight and thus the photosynthesis- 
ed amino acids disappear on longer exposure. 

. Recently it has been observed by us that the constancy C:N 
ratio (10:1) not only exists in the soil but is also observed in animal 
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metaboiigm and when а mixture of organic compounds containing 
nitrogenous substances present in natural systems undergo oxidation 
in air, & constant ratio of carbon to nitrogen is finally attained (results 
communicated to this journal for publication). 

In the plant, protein synthesis takes place only when carbohy- 
drates are present. because the reaction between nitrate and carbo- 
` hydrate causes the liberation of energy, which seems to be indispen- 
sable for protein synthesis and that is why most plants cannot 
utilise ammonium salts directly because of tho lack of the energy 
available from the reaction of the carbohydrates and nitrates. It hns 
been stated that the rice plants take up ammonium salts in the 
beginning of its development and nitrates in the end. It seems that 
in the case of rice and other carbohydrate producing plants, in the be- 
ginning they contain largs amounts of carbohydrate and little protein 
and thus the C:N ratio may be much greater than 10:1 and hence 
the ammonia is absorbed; whilst in the end, protein acoummulation 
takes place due to the energy supplied by the oxidation оѓ. the carbo- 
hydrates and then the ratio of С:М tends to the value 10:1 and 
that is why ammonium salts are not required. Legumes, lupins 
and beans, however, should at no stage grow with ammonium salts. 
On the other hand, starch and other carbohydrate producing plants 
at certain stages, when the carbohydrate content is very high and 
protein content low, may be fed and made to grow well by ammo- 
nium salts. 

It is stated that the case of ammonia assimilation by plants 
depends on the rate with which it is converted into asparagine and 
this in turn depends on the amount of carbohydrates, the other class 
of substances necessary for protein synthesis. 


SUMMARY. 


1. Small amounts of a-amino acids are photosynthesised by 
exposing solutions of glucose and nitrates in presence of titania to sun- 
light. The yield is greater with nitrates of ammonium and potassium 
than sodium. Longer exposure causes the disappearance of the 
amino acids, due to their photo-oxidation, 

2. Coloured inorganic salts cause an increase of photosynthesis 
but СаСОз and sodium phosphate are without influence. 

3. Increase in the amounts of glucose or titania causes more 
photosynthesis than an inorease in the amount of КМО.. Other 
carbohydrates such as fructose, galactose, ‘arabinose eto., and 
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substances which on exposure to light produce reducing sugars 
yield also readily, amino acids. Ammonium lactate on exposure to 
light with tatania forms amino acid. 

4. It seems that glycine from glycol and КМО, and ТО», and 
arginine from glucose, KNO, and ТО, are formed along with 
other substances from photosynthesis and attempts have been made 
to isolate these two amino acids. 

5. It has been found that in vitro ammonium salts and carbo- 
hydrates do not form amino acids in light. It seems that protein 
synthesis in plants and in vitro is facilitated by the energy obtained 
from the oxidation of carbohydrates by nitrates or oxygen of the air. 
An explanation has been offered why carbohydrate-producing plants 
can grow in the presence of ammonium salts, and it is believed that 
the absorption of ammonium ion or nitrate ion by a plant is controll- 
ed mainly by the ratio C:N in it. 
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Varying Valenoy of Platinum with respect 
to Mercaptanio Radicals. Part VIII. 


Ву PRAFULLA OHANDRA RÂY AND NRIPENDRA МАТН GHOSE. 


А good number of compounds by the interaction of chloropla 
acid with various organic thio compounds (sulphides, mercapt 
disulphides, etc.) has already been described by Вёу and 
workers (J. Chem. Soo., 1919, 118, 872; 1922, 191, 1 
1928, 128, 188; J. Indian Chem. Soc., 1925, 2 178). 
action of various bases on some of these complex bodies to eluci 
their constitution has also been investigated (cf. Ray 
collaborators, J. Indiam Chem, Soc., 1926, 8, 155, 858; 1927, 4, 
1928, B, 189). 

In the present paper the action of another organic thio compo 
which may be called a 1:4-disulphide, on chloroplatinic acid 
been studied and the compound thereof and its derivatives have 
subjected to the action of bases (like ethylenediamine, ammonia 
pyridine). The resulting products аге of much value in elucide 
the constitution of the platinum disulphide complexes most of w 
are insoluble in common solvents. 

The 1:4-disulphide employed in preparing platinum compl 
has the constitutional formula, Et S'CHg$Q4'CHg'S8: Et (cf, Me 
Ber., 1884, 19, 8266). 

By the action of the disulphide upon HgPtCl,, a substan 
the approximate composition of PtCl,°CgH,48,_ has been obtai 
This insoluble substance (P) may be either PtCls’CgH, 48, 
(cf. J. Indian Chem. Soc., 1928, B, 189) or a molecular comp: 
of PtCl,, C,H,,8, (B) and PtCl,'CgH 148, (C) (of. ibid., 1 
2, 178) or may be a mixture of (B) ала (C) in equimolec 
proportions approximately. However, the insolubility of the в 
tance (P) in all ordinary solvents prevents its purification or 
separation of (B) and (C), if it be а mixture. But both the c 
pounds (B) and (О) have been obtained from (Р) (vide experime: 
by oxidation and reduction respectively, of which (C) is soluble 
acetone. The substance (P) on continued boiling with aceton 
a water-bath for a few hours gives an acetone extract which le 
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almost nothing on evaporation. This shows that (Р) is not a 
mixture but a distinct chemical compound (with slight impurities) 
which may be either (A) or the molecular compounds of (B) and (C). 

However, by the action of ethylenediamine on the substance (P), 
a compound PtClg'Eng (m.p. 808?d.) of known constitution (PtEng)- 
Clg has been obtained by replacing completely the disulphide 
molecule (cf. Jorgensen, J. pr. Chem., 1899, ii, 89, 4, 1949). 
The formation of the above compound can be explained by supposing 
the mother substance (P) either as (A) (cf. J. Indian Chem. Вос., 
1928, 5, 467) or as the molecular compound of (B) and (С) (ef. 
the action of МН. on PtCls, 88.8 tibid., 1926, 8, 155), but both (В) . 
and (С) form the same compound PtClg;Eng separately with ethy- 
lenediamine. 

The action of a base of the pyridine type on the substance (P) on 
continued reflux on a water-bath gives two componnds, one of which 
has been identified as [PtPy,]Cl, (m.p. 285°d.), while the other one 
has approximately the empirical formula  PtClg'2Py; but 
it could not be obtained in a purer state owing to its insolubility 
in ordinary solvents. From these results, the molecular formula of 
(P), though not definitely established, is probably of PtCl,’CgH 148,. 

The action of dimethylaniline on the substance (P) leads to 
[Cly"Pt'C,.H,,489] (m.p. 187°) which is soluble only in acetone unlike 
the original substanca (P) (Drew and Wyatt, J. Chem. Boc., 
1984, 66). 

When PtCl,'O,H,,8,_ is treated with ethylenediamine or with 
pyridine, the compourd PtCla*Eng (m.p. 808°d.) ог PtCl,'4 Py, 
(m.p. 285°d.) (cf. the action of ethylene diamine and pyridine on 
РУС. С Ну Ве) is cbtained. The formation of these com- 
pounds from PtCl,°0,H,,8, supports the molecular formula for 
PtCla’C gH, 48,. 

The action of а mild oxidising agent, 6.g., the mixture of hydro- 
chloric acid and hydrogen peroxide on PtOl,'CgH,,8, converts the 
latter into [Cl Pt^C4 Et, 48,4]. 

The action of ethylenediamine on [CI,'Pt'C;H,4,85] forms the 
compound PtEn,Cl, (m.p. 808°d.) and with ammonia, a well known 
compound of similar type [Pt'4NH,]Cl, (Carlgreen and Cleve, Z. 
anorg. Chem., 1892, 1, 67). 

But when the substance [Cl4"Pt^CGH,484] is treated with pyri- 
dine, a compound of a different type [Cl,"Pt’Py,| is obtained which 
is insoluble m ordinary solvents, 
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This supports the constitution of PtOl,'C,H,45q as given above; 
pyridine only replaces the disulphide molecule, whereas bases like 
ammonia and ethylenediamine not only replace the disulphide 
molecule, but also transform, the 6-co-ordinate platinum to а 4-co- 
ordinate one. 


EiXPBRBIBMENTAL. 


Action of chloroplatinic acid on the disulphide, EA'S8'C,H,- 
S'Et.—To в strong alcoholic solution of chloroplatinic acid (8 g.) 
dilute alcoholic solution of the disulphide (8 g.) was added and the 
mixture gently shaken. The reaction began instantaneously with 
the separation of an orange coloured insoluble substance which on 
keeping overnight, was found to be a semi-solid mass. It was 
transferred on a filter under suction. The residue on the filter was 
repeatedly washed with alcohol, hot water, alcohol and finally with 
ether and dried in vacuum. This substance was found бо be 
insoluble in all ordinary solvents, m.p. 168—71° (d.) (I. The 
main filtrate gave another crop after 24 hours and the second 
crop was isolated as before, m.p. 175-78? (d.) (ID). In the same 
way, the third crop was also obtained, m.p. 180-82? (d.) (ПТ. 
All the crops were flesh-coloured and isoluble in ordinary solvents 
and correspond approximately to the formula PtCl,'CgH,,8q. 
[Found: (I) Cl, 24:07; В, 14:89; Pt 42'7. (II) 8, 14°08; Pt, 42°5, 
(IIT) В, 14°47; Pt, 42:02. PtOl,°CgH,,8, requires Ol, 28°58; 
В, 14°17; Pt, 48°18 per cent]. 

Action of ethylenediamine on PtCl,'CgH,,8,.—Ethylenediamine 
hydrate (5 c.c.) was added to PtCls'C,H,,8, (б g.) in water 
suspension (20 c.o. of water). After keeping the mixture for 
2 days іп a closed flask, the whole of PtCls'CgH,,48, went into 
solution with ether. The aqueous solution thus remained was 
concentrated to a small volume in a vacuum desiccator over sul- 
phurie acid and precipitated with alcohol. The first orop was 
precipitated with alcohol and finally crystallised from rectified 
spirit. This is necessary to free the substance from the hydro- 
chloride of the base that might be formed in the reaction. The 
substance was brownish in colour m.p. 808° (d.). [Found: М, 
1416; Pt, 50°48. PtClg'2C4H., (NHg)4 requires М, 14°51; Pt, 
50°61 per cent]. 
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Action of pyridine оп РЬО1, ‘ОН; .82.--РЬСІз С.Н, ,85 (5 g.) 
in alcoholic suspension (25 c.c. aloohol) was refluxed on в water-bath 
with pyridine in excess (10 с.с.) for 56 hours. The mixture was 
filtered hot; the filtrate оп cooling deposited а crystalline substance 
which was filtered off and washed several times with ether. 
The substance is soluble in water, turns yellow at 120°, m.p. 285° 
(decomp.). (Found: N, 9:34; Cl, 11°9; Pt, 88:62. PtClg4 C4H4N 
requires М, 9°62; Cl,12°19; Pt, 88°5 per cent). 

. The residue on the filter after filtering the hot mixture was 
washed several times with hot alcohol and hot water to remove the . 
last traces of the compound PtClg'4 CHN. It was then washed 
with alcohol, benzene and ether. The substance is insoluble in 
common organic solvents. 16 could not be obtained in a very pure 
state and contained treces of sulphur, m.p. 201-606? (decomp.). 
(Found: Cl, 28°46; Pt, 40:2. Рё. '2 CHN requires Cl, 28:1; Pt, 
40°8 per cent). 

Action of dimethylaniline on РЬС1,'С,Н,,8,.--РьСІ, ОН, 48, 
was treated with a slight excess of dimethylaniline in в hard glass 
test tube and heated on a water-bath for 2 to 8 hours with occasional 
stirring. A deep violet solution was obtained which was filtered and 
to the filtrate excess of an ether-alcohol mixture (1:1) was 
added, when & precipitate was found to separate. The precipitate 
thus obtained was dissolved in acetone and reprecipitated with 
ether. It was then collected and washed several times with alcohol 
and finally with ether and dried in vacuum. It is a very light 
greenish substance, m.p. 187°. (Found: Cl, 16°92; В, 15°86; Pt, 
471. PtClg OgH4, 48, requires Cl, 17:06; Б, 15°40; Pt, 46°87 per 
cent). 

Action of ethylenediamine on PtCly'CgH, , 85. —Fithylenediamine 
(5 с.с.) was added to PtOl,'CgH,,8, (6 в.) in aqueous suspension 
(20 c.c. water). After keeping the mixture in a closed flask for a 
day, whole of PtCl,'C,H,,8_ went into solution with the liberation 
of the disulphide which is removed from the mixture by extracting 
with ether. The aqueous extract on concentration in vacuum over sul- 
phuric acid gave light brcwnish crystals, m.p. 808? (decomp.) [Found: 
Pt, 60:82. PtClg 2C4 E, (NHg)g requires Pt, 60°61 per cent]. 

Action of pyridine on PtCl; CgH,489.—To РОС Ну 4Ва в 
-quantity of pyridine just sufficient to dissolve the substance was 
added, the solution was diluted with alcohol and allowed to stand 
for 8 days in &loosely stoppered flask, when а crop of fine white 
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crystals was found to separate and collected as usual. The substance 
is soluble in water, becomes yellow at 120°, and melts at 285°, 
(decomp.). (Found: Рё, 88°41. PtOlg"4 Py requires ty 888 per 
cent), : ^ 

Preparation of the compound РАС], C4 H., ,B3.—Pt015 Cg, 83 
(10 р.) was well triturated with water (120 c.c.) and to this mixture’ 
fuming hydrochloric acid (50 o.c.) was added, followed by derbyan 
(BO o.c.) with stirring. The mixture was allowed to stand for 2 days 
in & loosely stoppered flask. The insoluble residue was then collected 
and washed as usual, The substance is light orange-coloured and 
insoluble in ordinary solvents and melts at 280? (decomp.). The 
substance on further treatment with the mixture of fuming hydro- 
chlorie acid and perhydrol was found to melt at the same tempera- 
ture. (Found: Cl, 20°48; В, 12:01; Pt, 89°86. РЬСІ, С.Н, Во re- 
quires Cl, 20°16; В, 18°14; Pt, 40°04 per cent). 

Action of ethylenediamine on РЬСІ, "СН. ,8,.—PtCl,'CGH4,8, 
(8 g.) in aqueous suspension (20 с.с. water) was treated with ethylene- 
diamine hydrate in excess. After allowing the mixture to stand ina 
closed flask for 8 days, whole of Pt Cl,C4H4,8, went into solution 
with the liberation of the disulphide which was removed by extract- 
ing with ether. The aqueous extract was then concentrated in 
vacuum over sulphuric acid to a small volume and precipitated with 
alcohol. The first crop of the precipitate was redissolved in | 
a small amount of water and reprecipitated with alcohol. It was 
finally erystallised from reotified spirit. This is necessary to free 
the substance from the hydrochloride of the base that might be 
formed in the reaction. The substance is brownish in colour and 
melts at 808° (decomp.). (Found: N, 14:82; СІ, 18°6; Pt, 60:6: PtC1,- 
2 CoH, (NH.)s requires М, 14:51; Cl, 18°89; Pt, 50°51 per cent). 

The ionisability of PtCl;'Eng (Precipitation method).—The sub- 
stanco was dissolved in water and AgNO, solution added in the 
cold without adding nitric acid. The result obtained is slightly low. 
[Found: Cl, 17°89. PtCl,"En, (assuming both Clg atoms ionis- 
able) requires Cl, 18°89 per cent). 

Action of ammonia on Pt Cl,'CgH, 48 .—PtCl,"CgH „В (6 е.) 
was covered with liquor ammonia (25 e.c.) and the mixture wag 
kept in a stoppered flask with occasional shaking. After 2 days, 
whole of the PtCl,'C&4H,484 went into solution with the liberation 
of the disulphide which was removed by extracting with ether. The 
&queous extract was concentrated to a small volume in vacuum and 
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precipitated with alcohol. The precipitate was collected and the 
process of solution in water and precipitation with alcohol was 
repeated twije. The substance is light brownish and very hygros- 
соріс. P ees Cl, 2117; Pt, 5815. PtCly4NHg requires Cl, 
212657 Pt, 58:88 per cent). 

. , “Action of pyridine on PtCle*C4H)489.—PtCly’CgH1 489 (6 в.) 
{n alcoholic suspension (100 в.о. alcohol) was treated with pyridine 
ДІБ с.е.) and the mixture was refluxed on а water-bath for 12 hours, 
when the light orange colour of the compound gradually changed 
into light yellow. The yellow compound was collected and washed 
as usual, m.p. 270° (decomp.). (Found: N, 5:84; СІ, 84°28; Pt, 
89:27. РЕСІ, '2Ру requires М, 5:07; Cl, 28°68; Pt, 39:4 per cent). 
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Geometrical Inversion in the Acids Derived 
from the Coumarins. 


By Biman ВінАВІ Dey, RosuGuNDAY Hari RHAMAOHANDRA Rao 
AND TIRUVENKATA RAJENDRA SESHADRI. 


In а paper оп the hydroxyquinolylacrylic acids and their deriva- 
tives (Dey and Seshadri, J. Indian Chem, Вос., 1927, 4, 189) it was 
pointed out that there existed a fundamental difference between the 
behaviour of the trana acids and of their estera under the action of 
heat. The former decomposed into the corresponding styrenes and 
carbon dioxide, whereas the latter eliminated alcohol to form the 
original pyrones. What was then considered to be ап isolated 
phenomenon peculiar only to the hydroxyquinolylacrylic acids has 
since been discovered to be a property common to all members of the 
coumaric acid series. 

It was considered to be of some importance to examine if there 
was any tendency on the part of any of the coumaric acids to go 
over into the coumarins when heated, and with this end in view the 
decomposition of o-coumaric acid and its nitro and methoxy deriva- 
tives was studied closely. No formation of the coumarins was detec- 
ted and the styrenes were obtained exclusively. 

In contrast with the action of heat, the effect of sunlight on the 
trans acids and their esters is found to be quite similar both being 
converted into the coumarins. The esters, however, underwent 
inversion more readily than the acids. The effect of substituents 
such as a methoxy group and a nitro group in the benzene ring has 
also been investigated. The latter markedly accelerates the trans- 
formation of both the acids and their esters, whereas the former 
produces just the opposite. Table I gives the percentage conversion 
of the acids and esters when exposed to bright sunshine in alcoholic 
solution for different intervals of time, 
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Substance. 


o-Ooumaric acid 

Methyl coumarate 

Ethyl coumarate 
4-Methoxycoumario acid 
Methyl 4-methoxycoumarate 
Ethyl " 
5-Nitrocoumarie acid 
Methyl 5-nitrocoumarate 
Ethyl M 

o-Coumario acid 

Methyl coumarate 
4.Methoxycoumaric acid 
Methyl 4-methexycoumarate 
b-Nitrocoumario acid 


Methyl 6-nitrocoumarate 


TABLE 1. 


Time of 
exposure. 
94 hrs. 
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T-Methoxycoumarin 


19 


6-Nibrocoumarin 


T 7-~Methoxycoumarin 


3? 


Д 


6-Nitrocoumarin 


% Conversion. 


65 
87 
14 
61 
6b 
bb 
99 
100 


98 


к 


© 


80 


90 


Table II gives the percentage conversion of the trans esbers into 
the coumarins when heated. It will be noticed that the effects of the 


substituents are similar io those found 
The conditions of decomposition by heat are, however, 


inversion. 


in the photochemical 


not so easily controllable as in the case of light and it would not be 
correct to draw conclusions of a quantitative nature from these 


results, 


Fister decomposed, ` 


Methyl coumarate 

Ethyl coumarate 

Methyl 4-methoxycoumarate 
Ethyl j 

Methyl 5-nitrocoumarate 
Ethyl ” 


Product. 


Coumarin 


39 


7T-Methoxycoumarin 


19» 
6. Nitrocoumarin 


3? 


Yield. 
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EXPERIMENTAL. 


o-Coumaric acid was prepared from coumarin by the method of 
Dey and Row (J. Chem. Soc., 1924, 128, 561) as well as by that of Sen 
and Chakravarti (J. Indian Chem. Koc., 1980, 7, 247), the former 
method gave а better yield of the pure acid (20 g. from 20 g. of 
coumarin), the latter method gave only 8 g. of the acid from б g. of 
coumarin. The yield was, however, raised to 4g. by adopting the 
following modification : 


The purified mercury complex was boiled with dilute alcohol 
(50 c.c., 50% ) and concentrated hydrochloric acid (10 с.с.) for a few 
minutes and filtered hot. A second extraction of the residue removed 
a further small quantity. The combined filtrate was boiled to drive 
off most of the aleohol and on cooling the solution, o-coumaric acid 
crystallised out. 


The methyl and ethy! esters of the acid were prepared by two 
methods: (а) by boiling coumarin with a molecular equivalent of 
sodium alcoholate in absolute methyl ог ethyl alcohol for 4 hours 
(Biilmann, Annalen, 1912, 888, 228) and, (b) by boiling coumaric acid 
with absolute alcohol containing 2% anhydrous hydrogen chloride for 
6 hours (Biilmann, tbid., p. 279). When alcohol saturated with 
hydrogen chloride gas waa employed for the esterification, ring- 
closure of the acid occurred giving rise to free coumarin. The 
methyl ester readily crystallised from benzene, m.p. 187°, yield by 
the first method 20g. from 20'2g. of coumarin, whereas by the 
second method it was 6 g. from 5 g.of the acid. The ethyl ester was 
easily obtained pure and crystalline by dissolving it in light petroleum 
in which if was very soluble aad pouring the solution into a large 
volume of ligroin, m.p. 86°, yields were 15°9 g. from 29'2 р. of 
coumarin and 6 В. from б р. of coumaric acid. 


5-Nitrocoumaric acid was obtained from 6-nitrocoumarin (Morgan, 
J. Chem. Soc., 1904, 86, 1288). The sodium sulphite method gave a 
rather poor yield of the acid (7 g. from 20 g. of nitrocoumarin). 
Modifications in which the nitrocoumarin was boiled for a shorter 
time with sodium sulphite or in which lower concentrations of 
potash were used, did not improve the yield. Though the use of 
mercuric acetate resulted in a better yield, the product obtained 
was rather impure and required several crystallisations. When 
mercuric oxide (Sen and Chakravarti, loc. cit.) was employed, 
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however, the process was quicker and the product was obtained 
purer and in better yield (4g. from 5 р. of nitrocoumarin). 


The methyl and ethyl esters of the acid could not be made direct 
from nitrocoumarin by using sodium alcobolate since the reagent 
attacked the nitro group also. It was, therefore, prepared by esteri- 
fying the acid with alcohol containing 2% dry hydrogen chloride. 
The methyl ester melted at 210° (Dey and Row, loc. cit.), yield 4°7 в. 
from 5g. of the acid. The ethyl ester crystallised as colourless 
needles which slowly turned yellow on exposure to air, т.р. 
170-72°, yield 8% g. from 6g. of the acid. (Found: N, 60, 
C,,H,,0, N requires №, 5'9 per cent). 


7-Hydroxycoumarin (Umbelliferone) (Pechmann, Ber., 1884, 
47, 182) was prepared as follows.  Equimolecular quantities of dry 
resorcinol and malic acid were intimately mixed and heated carefully 
on & wire-gauze with double their weight of concentrated sulphuric 
acid (d 1:88). The mixture began to froth up in a few minutes with 
evolution of carbon dioxide and eventually solidified. Heating was 
continued until the solid just remelted and the reaction was then allow- 
ed to complete by itself. When the gas evolution ceased the mixture 
was again heated and the process was repeated till the liquid became 
suddenly clear and quite free from gas bubbles. After cooling, the 
melt was poured into five times its weight of ice-water and the solid 
was crystallised from methanol (charcoal) as colourless rhombic 
prisms, m.p. 228-24?, yield 4g from 18 в. of malic acid and 11 g. of 
resorcinol. (The success of the method was found to depend mainly 
on the regulation of the heating which should be stopped precisely at 
the moment the mixture becomes clear.) 


7-Methoxycoumarin was obtained from umbelliferone by methy- 
lating with dimethyl sulphate in presence of aqueous alkali or in 
presence of anhydrous potassium carbonate in benzene. 


Resorcinol (11 g.) dissolved in caustic soda (10% , 40 o.c.) was treated 
at 60-70? as usual with dimethylsulphate (12-18 р.) and the mixture 
was finally heated on the boiling water-bath for4 hour, the oil taken up 
with ether, the ether distilled off and the oil distilled in steam. The 
distillate was extracted with ether and then with 10% aqueous caustic 
soda. The alkaline solution was acidified, extracted with ether, dried 
and distilled at 242-48°, yield 7:5 g. 

The reaction of monomethylresorcinol with malic acid to produce 
umbelliferone methylether 1s more easily controlled and the yield is 
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almost theoretical. The crude product crystallised from metl 
(charcoal) as colourless leaflets, m. p 117-18°. 

4 Methoxycoumaric acid was obtained from 7-methoxycoun 
(Г) by boiling it with alcoholic potash (Barth and Harzig, Mona: 
1889, 10, 165) and (ii) by treatment with sodium sulphite and a 
yield 2 р. from 6 в, of the coumarin. The esters of the acid 
obtained by the вате methods as were applied in the вазе of cour 
acid. The methyl eater crystallised from dilute alcohol as colo: 
needles, m. p. 188°. (Found: C, 02:0; Н, 57. C,,H 90, req 
C, 68:6; Н, 5'8 per cent). The ethyl ester orystallised from c 
methanol, m.p. 109?. 

Decomposition of the o-coumanc acids by heat.—o-Coumaric 
was heated under conditions employed by Krause (Ber., 1908, 41, 
for the preparation of o-vinylphenol, The distillate as wells 
residue in the distilling flask were both examined for the preser 
coumarin by dissolving them in ether, shaking the solution wit. 
aqueous potash so as to remove vinylphenol and its polymers, d 
the ether solution and evaporating it to dryness. No residue wa 
thereby showing that coumarin formation did not take place 
under these circumstances. The decompositions of the nitro 
methoxycoumaric acids were very vigorous and uncontrollable g 
rise to brownish resinous residues having the odour of phenol 
definite compounds could be isolated. 


Action of Heat on the Esters of the Ооитатіс Acids (trans) 


Methyl coumarate (1 g.) was heated carefully for 6 minutes 
dry test tube over a small flame, the contents being stirred. 
orange-red liquid turned into а mass of crystals on cooling. It 
dissolved in ether, the undecomposed ester removed with 2% aqu 
caustic soda and the ether removed. The colourless crystals 
found to be identical with coumarin, m.p. 67°, yield 45%. ТҺе‹ 
ester behaved similarly and produced coumarin in an yield of 46% 

Methyl and ethyl 4-methoxycoumarates produced 7-metl 
coumarin, m.p. 117-18°. (yield 44 and 41%). The esters of 5-1 
coumaric acid underwent this change more readily and heating 
minutes was found to be sufficient. The product of decompos 
was digested in the cold with 2 % aqueous alkali, filtered and fi 
orystallised from glacial acetic acid, m.p. 188-86? and was found: 
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identical with 6-nitrocoumarin, yields 76% (from the methyl ester) 
and 78% (from the ethyl ester). 


Action of Sunlight on the trans-Acids and their Esters. 


o-Coumarie acid and its methyl ester were exposed to bright sun- 
shine for 24 hours in silica tubes and were examined at intervals for 
m, p. and solubility in sodium carbonate and hydroxide respectively. 
No change was observed. А solution of 2 g. of the pure acid or the 
ester in 50 c.c. of ethyl aleohol was placed in a silica flask and exposed 
to bright sunshine for 24, 12 or 6 hours according to circumstances. 
The weather conditions were uniformly good. 


After exposure, the alcohol was distilled off, the residue taken up in 
ether, the coumaric acid or its ester removed by 696 sodium bicarbonate 
(2% bicarbonate in the case of ester), washed with water and the 
coumaric acid dried over sulphuric acid in a vacuum desiccator for 24 
hours and the ether removed, yield in case of o-coumaric acid 65% 
(after 24 hours) and 48% (after 6 hours), Methyl coumarate gave 
(87% after 24 hours and 54% after 6 hours) coumarin, whereas ethyl 
coumarate gave coumarin (74% after 24 hours). 


4-Methoxycoumaric acid was treated just in the same way as 
coumaric acid. It yielded 0°92 р. of 7-methoxycoumarin after «24 
hours’ exposure (61%) and 0°60 g. after 6 hours (80%). The methyl 
ester gave 0'04 g. of methoxycoumarin after 24 hours (55%) and 
0:72 р. after 6 hours (42%), whereas the ethyl ester gave 0°87 g. of 
methoxycoumarin (56% ) after 24 hours’ exposure. 


5-Nitrocoumaric acid.—'The original orange-red solution of the acid 
turned paler as the exposure proceeded and needle shaped yellow 
rystals of 6-nitrocoumarin began to separate. At the end of 6 or 12 
hours’ exposure (the conversion was found to be complete after 12 
hours) the solvent was distilled off and the residue was digested with 
cold aqueous sodium bicarbonate in order to remove the unchanged acid, 
filtered, washed with water, dried in a desiccator and weighed. This 
purification was not necessary after 12 hours’ exposure since the residue 
after removing alcohol was found to be pure nitrocoumarin showing 
no trace of the presence of the unchanged acid, yield of nitrocoumrin 
after 12 hours was 1'8g. (99%) and after 6 hours’ exposure 1:6 g. 
(80%). 
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The esters also underwent complete conversion after 12 hours’ 
exposure ; the methyl ester gave 1:69 в. and the ethyl ester 1'59 р. of 
pure 6-nifrocoumarin. After 6 hours’ exposure, however, the reaction 
was still incomplete ; the unchanged ester in the product was removed 
by digestion with cold 2% aqueous potash, filtered, washed with 
water, dried and weighed. The yield from the methyl ester was 1'5 g. 
(90% conversion). 


PnamHsIDBNOY COLLEGB, 
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Kinetics of Sucrose Inversion by Adiabatio 
Temperature Measurements. 


By Знышнадв ВАВУОТТАМ JosHI AND (iugUDA8 RAMOHAND 
PHANSALKER. 


Variation in the heat content of a reactive system is amon 
most conspicuous results produced by a chemical change. It 
be anticipated, therefore, that a parallelism would exist betw: 
progress of a reaction and of the corresponding time variation 
temperature of the system. In в study on this basis of the ] 
of a change, an adequate thermal insulation of the reactive : 
and a reckoning of the possible influence of the temperature 
rate of change would appear to be the chief factors requiring 
ful consideration. Bredig and Epstein (Z. anorg. Chem., 119 
341) appear to have been perhaps the first to recognise the 
utility of this method, and Barry (J. Amer. Chem. Soc., К 
1911, 1926) to use it in the kinetics of sucrose inversion. 
felt, however, that need existed for a modified procedure y 
data both accurate and in a form which can be treated direct 
a theoretical standpoint. Measurements have been also carri 
on the specific heat of sucrose solution and the influence of 
on the heat of dilution of hydrochlorie acid by water. 

In his work Barry (loc. cit.) introduced a known amount: 
sucrose in the acid of the desired strength kept in the calo: 
The dissolution of sucrose іп an acid solution is endothermic 
effect is partly superimposed upon that due to sucrose inversii 
temperature of the reaction mixture would, therefore, rise slc 
the initial stages. It was also felt that this would add to th 
period of disturbance which obtains when even liquids are 
and which has been ascribed to the slow homogenisation of 6, 
tion mixture (cf. especially Scatchard, J. Amer. Chem. Soc. 
48, 2259 ; also, Lamble and Lewis, J. Chem. Soc., 1014, 10€ 
In the following experiments & definite amount of the acid 
has been added to a sucrose solution in the calorimeter. | 
more, unlike Barry, the temperature measurements have be 
tricted only to the initial stages of the inversion so that the 

ature rise ів not aj preciable ; this is necessary since the rea 
known to be sensitive to temperature changes (vide infra). 


EXPERIMENTAL. 


The reaction was carried out in a Dewar flask of about 
capacity and was enclosed in a heavy copper cylinder leaving 
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gap ofi om. Тһе cylinder and the Dewar flask were fitted respec- 
tively with a copper and an ebonite cap, each of which was perforated 
to admit a Beckmann thermometer, the stem of a small funnel and a 
perforated, reciprocating gold stirrer, operating vertically. “The 
copper cylinder was placed in a water thermostat of about 90 litres 
capacity, whose temperature was kept constant at 80° within 001°, 
The Dewar flask contained 250 c.c. of sucrose solution of the desired 
concentration and was heated electrically to 80° in all the experi- 
ments. 60 Cc of a solution of hydrochloric acid of known strength 
preheated to 80° were then added carefully throughthe funnel to the 
sucrose solution, and the corresponding time noted. The weight of 
this solution of the hydrochloric acid added varied in the range, 
51°48 to 51 6g in the various experiments. The temperature of the 
mixture was then observed within 0'001? at regular intervals by 
means of a Beckmann thermometer and a special telescope. Figs. 1-4 
show the Beckmann readings with time during sucrose inversions by 
four acid concentrations. The strength of the sucrose solution is 
expressed in terms of the weight in g. of the solute in 100 c.c. of the 
reaction mixture at 80° and the stirring of the mixture, which 
was started before the addition of the acid, was so regulated 
that there was no sensibie thermal lag in the record of the 
temperature by the Beckmann thermometer (except curve 4, Fig. 4). 
Curve 6 in Fig. 6 is а typical curve showing the Beckmann 
reading during the progress of one inversion AB, the horizontal part 
of this curve denotes time of constant temperature before this addition 
of the acid. The sudden rise in BC is due to the dilution of the acid 
added (vide infra). Progress of the inversion is, therefore, represent- 
ed only by the last section of the curve, CD. Та order to economise 
space and prevent overlapping, these temperature-time readings have 
been presented graphically in Figs. 1-4, after the addition ofa 
convenient constant to the series of Beckmann readings obtained for’ 
any given inversion. In drawing these curves points corresponding 
to sections AB and BC in curve 6 of Fig. 6 have not been employed. 
For example, the actual Beckmann readings at different times during 
inversion of 15 % sucrose solution by 4°92N-HCl are shown 
graphically by curve 6 in Fig. 6. Curve 4 in Fig. 8 was drawn from 
this by subtracting 2:125 from the Beckmann readings plotted in the 
section OD (curve 6, Fig. 0). Ibis obvious that this procedure does 
not alter the time rate of temperature rise in в given inversion. On 
the other hand it has the advantage of representing the time- 
temperature curves characteristic of the inversions of variously 
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concentrated sucrose solutions in the same figure and with the san 
co-ordinates, These curves shown in Figs. 1-4 refer to inversions 
which the acid strength was varied in the range 0°4 to 0'9N, and th 
of the sugar from about 2 to 80 % by weight of the reaction mixtur 
From these curves өз explained later, the values ofk, the veloci! 
coefficients for sugar inversion at various sugar and acid concentr: 
tions have been deduced and the results shown in Tables I-IV. 

It will be seen from the typical time-temperature curve 6 of Fi; 
6 that there is at first a large and a sudden rise of temperatur 
which is followed by a slower rise. The first temperature rise is du 
almost entirely to the heat of dilution of the acid and is followed b 
that due to inversion. The two sections are separated by a 
appreciable discontinuity inthe curve. Moreover, the second sectio 
begins fairly close to the temperature axis. The temperature ris 
due to the first factor, vis., acid dilution is obtained easily by th 
extarpolation of the curve for zero time. Curves 1-4 of Fig. 6 sho: 
the variation of this initial temperature rise for the variously cor 
centrated sugar solutions when mixed with acid solutions of differen 
strengths as mentioned already. Curve 5 in Fig. 6 shows the rise c 
temperature produced in equal amounts of sugar solutions in th 
same range of dilution as above when heated by exactly the sam 
quantity of electrical energy (cf. 7th column, Table V). 

It was also thought desirable to measure the specific heats c 
sugar solutions at different dilutions (cf. Table V) and it was don 
by the electrical method. 1°1610 amp. was allowed to flow 9 minute 

“ү through about 800 c.c. of the solution. The consequent temperatur 

“jr was about 8°. The radiation correction varied in the range 0°0. 

. to 0°046°. The accuracy of these measurements is shown by th 
fact that the water equivalent of the calorimeter could be reproduce: 
within 0'6 %. Details regarding the technique of these measure 
ments will be described in a later communication. Ourve 5 in Fig. : 
and (indirectly curve б in Fig. 6) relate respectively the specific hea 
of solutions of sucrose and of invert sugar with the acid concentra 
tion. Curves 1-4 in Fig. 5 show the values of k, the velocit: 
coefficient calculated for the initial stages of the inversion (vide infra) 
(of. Tables I-IV) for four series of sugar concentrations, the ack 
strengths being kept constant in a given series. ‘т’ in Table 
LIV denotes thb strength of the sucrose solution in g. of the solut: 
per 100 e.c. of the reaction mixture at 80°; ‘t’ and ‘ T’ denot: 
interval in minutes and temperature respectively; ‘k’ denotes velo 
city coefficient for sugar inversion. 
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Тавіи V. 


Vol. of the sucrose soln. 800+ ‘05 в.в. (50°). P. D. across the heating 
coils = 6:8250 volts. Current развед=1`1610 amps. during 540 sec. 


Comp. and wt. of soln. Initial Final Temp. 8р. heat. 
temp. temp. тше. 
Sucrose + Water= Бош. 
Sucrose 
soln. 


0% 005. + 286g. = 208'6g. 2295 5:818 8088 09987 
9 60 + 92944 = 8004 9190 5915 30958 0 9860 
4 190 + 9896 = 8016 9190 5314 8194 09116 
8 240 + 2885 = 8075 ао84 0494 8140 09479 
18 8900 + 9744 = 8184 айо) БӘ 8159 079289 
Invert sugar 
106 816g + 92721 д. = 303'%g. 1960 5192 8282 0°9855 
(809*9) —-  — (91672) — 
‘211 689 + 9540 = 8179 3004 5199 8188 09074 
` 816 947 + 9985 = 8188 1:870 5'098 8'298 078901 
DISOUSSION. 


It isseen from the curves in Figs. 1-4 (in which the initial tem- 
perature rise due to the dilution of the acid is not shown), with the 
exception of curve 8 in Fig 2 and curve 4 of Fig. 4, that the progress 
of inversion is accompanied by a continuous rise of temperature as 
a result of the accumulation of the heat due to the change in the 
reaction vessel (whichis thermally insulated from the environment, 
vis., the thermostat kept at a constant temperature). This tempera- 
ture rise over the initial temperature in the reaction vessel varied in 
the range 0°006° to 0°42° (cf. curves 2 and 7 in Fig. 2 and 8 respec- 
tively). The observed time-temperature curves are, therefore, 
subject to but negligible correction in respect of the influence of the 
temperature on the rate of (sucrose inversion. Furthermore, these 
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observations were taken during about 20-25 minutes from the com- 
mencement of the change. They represent, therefore, but the initial 
stages of the reaction. 

: Itis interesting to note from the curves in Figs. 1-4 that the 
time-rate of the temperature rise due to sucrose inversion increases 
by increasing the sucrose concentration, if the acid concentration is 
kept constant. Similiar to this isthe influence of varying the acid 
concentration, that of sucrose being kept constant. ‘This last is to be 
anticipated in view of the well known influence of the acid concentra- 
tration on the inversion rate, which determines the rate of the tem- 
perature rise produced inthe system during the reaction. 

It is to be noted from curve 5 in Fig. 6, showing the temperature 
rise when a fixed quantity of heat produced electrically was dis- 
sipated in а constant weight of variously concentrated solutions of 
sucrose and of invert sugar, that the specific heats for the latter (cf. 
v,qsndr,in the above curve) can be represented fairly well on the 
specifio heat-concentration curve for sucrose, vis., curve б 
in Fig. 6. This together with the data recorded in Table У 
shows that the heat capacity of sucrose solution does not change 
appreciably due to inversion. Since the acid concentration 
remains constant during inversion and that the maximum rise in 
temerature produced is about 0°82° only (during about 25 minutes), 
it has been assumed during the subsequent discussion that C,, the 
heat capacity at constant volume of the reaction mixture remains 
constant during inversion. 

Following the usual notation and denoting by Aq, the heat 
evolved corresponding to Ax, the amount of sucrose inverted. 





РҮ Е "a i e () 
Aq | | 
- / mem et 4 wee 
К. At one an (її) 
2 АТ T 
== ! . —À * "v PM TIN PE 
ы. C, A1 (iii) 
= kll, A wee „эз и,» (iv) 


At initial stages when to first. approximation z is negligible compared 
with ‘а, we get from (i) and (iv), | 
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ko 1. (v) 
а 


RIR 
=] ка 


where k is a measure of velocity constant. The values for the 
quantity AT/At have been obtained from the +-Т curves in 
Figs. 1-4. The velocity coefficient kis then obtained simply from 
(v). Onexamin'ng the k values in Tables I-IV it is seen that 
during any given inversion, k diminishes with time which isto be 
anticipated from the approximation introduced in neglecting «x 
compared with a during the early stages of the change. At early 
stages, however, the values of the velocity coefficient are fairly con- 
cordant. This warrantc, therefore, to a considerable extent the chief 
assumption made earlier, especially as regards C,. 

The Е values used in drawing curves 1-4 in Fig. Ó have been 
calculated from data obtained only for the initial stages of the 
inversions for reasons indicated above. It is seen that except in 
curve 4 of Fig. 5 corresponding to the smallest acid concentration, k 
increases considerably with the increase of the initial sucrose concen- 


4 


tration. In the familiar mass law expression, 


a= Е, [water] x [sucrose] 


since the inversion produces ordinarily but negligible variations in the 
amount of water present, ibis considered to be unimolecular. The 
k,; x [water] is, therefore, practically constant, and equals the 
ordinary velocity coefficient k. Since k,, is constant, and the pro- 
portion of water diminishes by increasing that of sucrose in a given 
mass of solution, it follows that k should diminish, which is con- 
trary to experience. The possible variation of the active mass of 
water operating but hydrolytically according to the above equa- 
tion can not, therefore, account for the observed increase of k by 
increasing the sucrose concentration at constant acid strength. 
Similar results have bean obtained by numerous workers 
(cf. Cohen, Z. physikal. Ohem., 1807, 28, 442; Joneg and 
Lewis, J. Chem. Soc., 1920, 117, 1120; Moron and Lewis, ibid., 
1922, 191, 1618; Cotton and Chandun, compt. rend., 1924, 179, 
1607; 1926, 182, 775; 1926, 183, 1215) and have been ascribed to 
an increase in the thermodynamic activity of the H ions. Change 
of Е ав observed has been also attributed by some workers to the 
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the reduced formation of the unstable sucrose-water com 
(which break up into dextrose and laevulose at a rate propo: 
to the concentration of the complexes) as a result of the di 
tion of the water constant (Cotton and Chandun, loc. 
That the influence of the last factor might be apprecis 
indicated by the дафа іп column 8, Table V showing the м 
of water present in the various solutions of sucrose used. 1 
therefore in agreement with this, the results in Table I-II) 
curves 1-9 in Fig. б showing the increase in k by increagin 
sucrose concentration are to be anticipated, it is interesting to 
from our results that this increase in k appears to be а functi 
the acid concentration. 

It has been mentioned already that immediately on mixing to, 
the solutions of sucrose and of the acid, a rapid rise of tempe 
(BC, in curve 6, Fig 6) was produced due to the evolution « 
dilution heat of the acid. This temperature rise varied in the 
0"86° to 0°09° (cf. curves 1 to 4 in Fig. 6). It is seen 
these curves that the initial temperature rise diminishes ¢ 
sucrose concentration is increased. It might be recalled that th 
concentration is kept constant in each series. The diminuti 
the initial temperatare rise with increase of the sucrose concent 
іп а series might, therefore, be ascribed to (a) increase in the 
capacity of the solution with the increasing concentration o 
solute, (b) diminution in the dilution of heat of the acid due t 
presence of sucrose, (с) increase of the heat of dilution of s 
solution, which is known to be negative (cf.  Vallender 
Perman, Trans. Faraday Boc., 1981, 27, 188) by increasin 
concentration of the solution. From considerations indicated al 
and data presented in Table V, showing that the specific 
of the sucrose solution diminishes by increasing its concentr 
it is seen that factor (a) is not the operative factor. From the 
of Vallender and Perman (loc. cit.), Stackelberg (Z. phy 
Chem., 1898, 26, 588), Ewan (ibid., 1894, 14, 409), Porter (1 
Faraday Вос., 1917, 18, 128) and Hunter (ibid., 1926, 22, 1t 
would appear that the order of magnitude for the tempe 
change due to the negative heat of the dilution of even the 
concentrated sucrose solutions employed in these experimen 
0-001°, which is negligible compared with the initial temper 
rise measured (cf. curves 1 to 4 in Fig. 6), viz., 0°86-0°09°. I 
measurements made with sucrose solutions in the concentr 
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range of 1-6% of sucrose showed that the fall of temperature due to 
the heat of dilution was but insensible. The factor (c) would appear, 
therefore, to be insufficient to explain the effect mentioned sbovee 
It is considered, therefore, that (b) represents its most probable cause 
In this connection it might be pointed out that the temperatnre rise 
due to the dilution of 60 o.c. of 4°92, 4°84, and 5 N-HOCI solutions by 
250 o.c. of water was found to be greater than that observed when 
any of the sucrose solutions was employed (cf. curves 1-4 in Fig. 6; 
also Table V) instead of water. From a knowledge of the mass of 
a solution and of the corresponding amount of sucrose, A, the amount 
of the water present in the solution is known (cf. column 8, Table V). 


Ета. 1. Fic. 2. 
0:807N-HCI. 0'88N-HOI. 
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Now general considerations and some actual observations carried 
out with 5N-HOl solution diluted with volumes of water 
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in the range, 200-800 c.c. show that the corresponding temperature 


rise is proportional to the amount of water used in the process of 


| 





Time in min. 


Curves 1 to 7 refer to 


Curves 1 to 6 refer to 


10, 15, 20, 25 and 30% 


of sucroge soln. respective 


0, 5, 


15, 20, 25, and 80 % 


5, 10, 
of sucrose soln. re 


ly. 


Curve 4 of Fig. 8 obtained 


spectively. 


from specimen curve 6 of 


Fig. 6. 
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dilution. The amount of water thus calculated from the values of 
the initial temperature rise (of. curves 1-4 in Fig. 6) was found фо. be 
appreciably less than A, in by far the majority of cases. This shows 
therefore, that a certain amount of water in the aolution is nob 
involved in the process of the acid dilution. Presumably therefore, 
it is bound up in the hydration of sucrose in the solution. Results 
of the detailed investigation carried out to examine this possibility 
will be communicated shortly. 


Fic. 6. 


— >» Sp. heat (curve 5). 





Curve 1 refers to Table I, Fig. 1. 

Curves 2-4 refer to Table I-IV and Fig. 2-4 respectively. 

Curve б shows the variation of вр. heat (scale on the right) 
with change of sucrose conc. =m (scale on the top). 
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— > Sucrose conc. (curves 1-8) 


Curves 1-4~~Initial rise in temp. due to dilution of НО! by sucrose soln. 

Curve 5— Temp. rise due to a constant current passed in equal vol. of differntly сопоеп- 
trated sucrose soln. ; points p, q and т refer to solns. of invert sugar 
Pi Г with ihe Aid used (for other data of. Table V and also curve 
5 5 

Curve 6—Shows the Beckmann temp. before and during inversion (of, curve no 4 of 
Fig. 3). The quantity BO’ obtained by extrapolation of DO in, curve 6, 
gives the initial rise of temp. in curves 1-4, mentioned above. 
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SUMMARY. ʻi 


1. Results are given for the temperature rise measured adiaba- 
tically during the initial stages of the inversion of sucrose solutions 
containing 2 to BO g. of the solute in 100 c.c. of the reaction - mixture 
by 0:4 to 0'ON-HCl. An equation is deduced to give k, the velocity 
coefficient from these time-temperature curves. k tends to increase- 
by inoreasing the sucrose concentration if that of the acid is kept- 
constant. ‘This result has been shown to be contrary to the.require- 
ments of the law of mass action if the réle of water be assumed to 
be merely hydrolytic. This change of Ё with sucrose concentration . 
has been found to depend upon the acid concentration. 


2. The specific heata of sucrose solutions have been determined- 
in the range mentioned above. This quantity is found to SEE 
regularly by increasing the strength of the solution. 

8. The heat of dilution of hydrochloric acid solutions has been 
found to diminish when sucrose solutions are used instead of water, 
which has been ascribed to the removal of some water from the 
solvent phase in the hydration of the solute. 


OHEMICAL LABORATORIES, 
ВечАВЕВ HINDU UNIVERSITY, Haceivod January 97, 1984. 
BHNARBS. Е 


Magnetio Rotation of Some Salts of Higher Fatty 
Acids and Evidence in Favour of the Formation of 
Tonic Micelle. 


Ву 8. В. BHATNAGAR AND Pyara LAL КАРОВ, 


Magnetic rotation of the plane of polarisation of various substances 
like other physical properties, such as electrical conductivity, osmotic 
pressure, refractive index, surface tension, viscosity, ete., has been 
extensively studied by Perkin and various other workers. From the 
measurements, already published, it can be seen that the rotation of 
salts in solutions is approximately determined additively as the sum of 
the ions present, if а single substance be present, and is the sum of 
the components, if more than one substance is there. But there are 
cases like FeCl in water where magnetic rotation varies with concen- 
tration (Becquerel, ‘‘ Smithsonian: Physical Tables,’’ 1908, p. 289 ; 
Richards and Roberts, Phil. Mag., 1927, 8, 770) or with temperature 
(Pillai, Indian J. Phys., 1982, 6, 678). This is attributed by some to 
the presence of colloidal FegO$ particles and by others to the ionisa- 
tion. In order to decide, therefore, which factor is responsible for this 
deviation, в study of various sols such as Ее.Оз, Ү,.0О,, BiO,, ete., 
was undertaken but as the technique of the formation of stable con- 
centrated sols of sufficient transparency is yet not quite perfect, the 
results obtained will be discussed later. Butastudy of magnetic 
rotation of soap solutions which contain colloidal particles, ionic 
micelle, ete., and are known as colloidal electrolytes has been quite 
accurately carried out and forms the subiect of the present investiga- 
tion. So far the magnetic rotations of sodium oleate and potassium 
oleate solutions in water and alcohol at different concentrations have 
been studied. 


EXPERIMENTAL. 


The salts were prepared in the laboratory by the method advocated 
by McBain. Alcoholic solution of sodium or potassium hydroxide was 
added gradually to an alcoholic solution of oleic acid and the neutrality 
of the mixture was tested by phenolphthalein. The soap was then 
dried first in an oven maintained at 80° and then in & vacuum 
desiccator till it was completely free from alcohol. 
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There are two methods genersly employed to investigate the 
magnetic rotation of the plane of polarisation of different substances. 
One, used by Perkin consists in placing the substances to be investigated 
between the pole pieces of an electromagnet. The other method which 
has been extensively employed in the latter work consists in placing 
an ordinary polarimeter tube inside a large solenoid. It is the 
latter method that has been adopted in the present investigation 
because it gives a sufficient length of the liquid column which is desira- 
ble for accurate observation of optical rotations. 

The solenoid employed was wound overa ‘‘former”’ of a thin 
fibre tube, 20 om. long. This consisted of 44 layers each having 
sixty-seven turns of No. 14 s8.w.G., р.0.0. copper wire. The solenoid 
was nearly 20 em. long. The internal diameter of the fibre tube 
was 8 om. 

The current for the solenoid was obtained from the supply of the 
mains and was capable of fine adjustment by a silding rheostat in 
series with another variable resistance. A Weston precision ammeter 
was included in the circuit as well. To obtain fairly large rotation 
angles for measurement, a current of 9'5 amps. was used which 
corresponds to effects of 992 watts. This naturally caused a rapid 
heating of the solenoid. 

In view of the dependence of rotation on temperature, it ia 
necessary that some arrangement must be made to take the observa- 
tions at a constant temperature. The polarisation tube used was, 
therefore, a double jacketed one. Through the outerjacket water was 
continuously circulated to keep the temperature of the solution 
constant. 

A Hilger polarimeter with Lippich tripartite field was used. Thig 
polarimeter ordinarily is provided with a V-shaped carrier for placing 
observation tubes. This had to be removed and replaced Буа suit- 
able board on which was fixed the large solenoid. Тһе source of 
light used was a glass meroury vapour lamp with a dichromate filter. 

In order to calculate the molecular rotation of a dissolved subs- 
tance from the measured rotation of the solution, it is assumed that 
the dissolved substance and ‘the solvent act independently of each 
other, and that the measured rotation is composed additively from the 
rotation of these two. This assumption leads, therefore, to the 
following expression for the molecular rotation of the dissolved subs- 
tance (with molecular rotation of water as 1) when the dissolving 
medium is water: 
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D, (ит, + mg) 
М°з ca ue ep c ТЕО) cs 
D, pxM, 


where М = molecular rotation of the dissolved substance ; 


M, = - T of the solvent (water = 1); 
D, := measured angle of rotation | with the ваше layer of 
for solution thickness, tempera- 
ture and magnetic 
D, = measured angle of rotation field. 
for water 


m, = molecular weight of water ; 
те = molecular weight of dissolved substance ; 


р = the number of gram molecules of solvent per gram 
molecule of the dissolved substance ; 


d == density of the solution. 


It is to be expected that if the assumption mentioned above does 
not hold, the molecular rotation will vary with concentration. 


When the solvent is not water but alcohol, then firstly the 
molecular rotation of alcohol is determined by the following expres- 
sion: 





where y, = rotation of solvent, y = rotation of water, 
M = molecular weight of the solvent, m = molecular weight of 
water, d = density of the solvent, and then the molecular rotation of 
the solution is calculated by Otto Humbug’s formula (Z. physikal. 
Chem., 1898, 12, 402), 


a, = ux M, x 100 
Wao XS x 18x a 
where w = rotation of solution. wm = rotation of water, 
8 = density, a = % of the substance present in the solution, 
M, = molecular weight of the solute, M, the molecular rotation of 
the dissolved substance is then d, = m, 


T 
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where d,, is the molecular rotation of the solution and m, is the mole- 


cular rotation of the solvent: 
The results obtained are tabulated below. 


TABLE I, 


Magnetic rotation of sodium oleate in water, 


Solution. тз. в. B. d. DID. M. 
А 804°25 18°02 77°0 1*0097 1064 918 
В T 18°39 109°4 0°9097 1°088 91-1 
C si 10:88 —— 1888 0-9995 l'094 . 20'6 
D 7 ` T'09 991*4 0*9981 1:014 20:5 
E 2: 5716 2766 0°9976 1'017 22:6 
F ^ 2°96 658*8 0'9966 1°005 91-6 

TABLE П. 


Magnetic rotation'lof potassium oleate in water. 


А 


Bolution. тз а. в. d. D4/ D,. |. M. 

А 820'87 18'84 110°8 1:002 1:049 29'4 

B - 1190 1818 1001 1:029 32-6 

(e а 77935 9197 1:000 1096 28:8 

D " 5:16 8266 09977 1:019 25:9 

E Т 8°24 531*4 09960 1018 27°32 
TABLE ПІ, 


Magnetic rotation of potassium oleate in alcohol. 


Molecular rotation of alcohol = 2:288. 


Solution. — Mj. a. pi 5. wj Wo: M. 
À 320-87 19°35 99°02 0"8333 0°8848 20°47 
B 5 18-57 30"54 08809 09H49 20°50 
б » 16°40 36:50 082883 09941 20°90 
D ‘i 16:01 89-59 08947 0°9200 20°70 


The % column (a) gives the solution’s ах Е. of Tm 
stated substances, 
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DISOUSSION AND SUMMARY. 


From the tables it is clear that the magnetic rotation both in the 
ease of potassium and sodium oleates in water varies with concentra- 
tion and has а maximum value at a concentration of 5'70% in the 
саве of sodium oleate and at 3:295 in the case of potassium oleate. In 
case of potassium oleate in alcohol, the magnetic rotation is practi- 
cally canstant and the value is 20°67 --0:2. 

16 has been shown by various workers that the magnetic rotation 
of various substances in non-ionising media remains constant, but in 
ionising media great anomalies are exhibited. In some the rotation 
increases with dilution, in others it decreases with dilution, whereas 
there are a few in which it remains constant. 

The magnetic rotation of potassium oleate in alcohol at different 
concentrations remains almost constant. It сап be assumed, there- 
fore, that potassium oleate does not ionise in alcohol. But as mag- 
netic rotation of aqueous solutions of potassium and sodium oleates 
varies with concentration it indicates that solute and solvent do not 
behave independent of each other. 

It is well known that at low concentrations these salts behave 
as crystalloids and as the solutions become concentrated the ions 
coalesce to form the nucleus of colloidal particles, termed the ionic 


1 
micelle, whioh have general formula (Col) " (o) (НО). The 


amount of water of hydration is least in concentrated solutions. 

From Table I, if can be seen that in case of sodium oleate, with 
the increase of concentration the rotation goes on increasing till the 
concentration acquires а value of 5°76%. After this the rotation 
begins to fall till a concentration of 10 89% is reached and then it 
remains practically constant. These variations indicate that soap 
solutions belong to that class of compounds in which the rotation 
decreases with dilution. 

The whole behaviour can be explained by assuming that in these 
cases the rotation goes on increasing with the increase of concentra- 
tion and at the same time ionio micelle are formed which have a 
lower rotation value. At в concentration of 5°76% the different 
phases sre in equilibrium and after that the concentration of ionic 
micelle increases with the result that the rotation goes on falling till it 
reaches a value of 10°89%. Beyond this there are only ionic micelle 
in the solution, Therefore the rotation value is practically constant. 


- 
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These results are in accord with the results obtained by McBain, 
Laing and Titley (J. Chem. Soc., 1919, 118, 1270) by a study of 
changes of electrical conductivity with concentration of these salta. 
They found the electrical conductivity to be minimum at the concen- 
tration where the rotation obtained by us is maximum and to be 
maximum where the rotation is minimum. 

Further work on other allied salts is in progreas and the results 
will be communicated later on. | 
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. А Colorimetric Test for Compounds Containing 
CH, СН, and CH, Contiguous to Negative 
Groups : A Note. 


Ву M. Goswami, А. SHAHA AND B. MUKERJBE. 


In some experiments for the deteotion of oil soluble proteins, 
acetone solution of the fat was tested with an alkaline solution of 
pierie:acid ; an instantaneous red coloration was produced. Blank 
experiment showed that the coloration was due to acetone. The test 
was then extended to other ketones and then to aldehydes. It was 
found that all aldehydes and ketones having contiguous CH, CH, 
or CH, groupings gave similar red coloration whereas other 
aldehydes and ketones like formaldehyde, benzaldehyde and benzo- 
phenone in which the above groupings are absent, did not produce 
any colour. Similar observations have been previously made by 
Bitto (Annalen, 1892, 269, 877, 1892, 267, 372) who found that m- 
dinitrobenzene, m-dinitrotoluene, m-dinitronaphthalene and sodium 
nitroprusside in alkaline media produce red to violet colour with 
aldehydes and ketones having CH, or CH; contiguous to OHO or 
CO groups. | 

In searching for the reason for such coloration № was thought that 
the latter was due to the activity of CH, СН. and ОН. being in 
proximity to the negative groups CHO and CO. The correctness of 
this view would naturally lead to the production of colour with other 
compounds containing those active units attached to other negative 
groups like NO3, CN, СОзЕБ ete. This has been found to be the 
case as nitromethane, malonie ester, cyanoacetio ester, etc., give red 
colour with alkaline picric acid solution. All varieties of compounds 
have been examined and the test has been found to respond very 
satisfactorily. Generally № has been found that the production of 
colour always happens when the contiguous negative groups contain 
oxygen atom and is particularly associated with compounds 
containing СН: ог ОН» responding to Claisen’s condensation 
reaction. : 
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For the purpose of the colorimetric test в 0'05% alcoholic solution 
of picric acid (1 c.c.) was taken to which approximately 2N-caustic 
soda solution (2 drops) was added and to the faintly yellow solution, 
thus produced, & slight quantity of the substance to be tested was 
added. In the case of insoluble substance a little more alcohol was 
used. ‘Table I gives the results obtained by the reagent whilst some 
of the results with Bitto’s reagents are shown for comparison in 
Table II. It may be seen that while picric acid réaction is general 
Bitto’s reagents fail in many cases. 


TABLE I, 


Reagent used—alkaline soln. of picrio acid (faint yellow colour). 


Compounds tested. Colour produced. Ionone (а) . Red 
Formaldehyde No change. Nonyl aldehyde 5 
Benzaldehyde » p-Nitrobenzoyl ° 
acetophenone Orange-yollow 
Benzophenone я í 
| p-Tolylbenzoylmethane. Brown 
Benzil » 
Nitromethane , . Red 
Benzoin »" 
Malonic ester " 
Acetaldehyde . Red : 
Cyanoacetic ester - " 
Phenylactaldehyde  ' T 
Oxaloacatic ester р 5 
Acetone ES 
Acetoacetic ester T 
Acetophenone » 
| *2. Methyl-3-ethyl.l : 4-Ba- 
Acrolein Т naphthapyrone " 
Oinnamio aldehyde Т +7-Nitro-2-methyl- - ' 
8-teopropylechromone - oo” 
Citral Brown 
| *6- Bromo-2-methy!-3- 
Benrylacetone Red propylehromone » 
cycloHexanone " *§-Chloro-2 :8-dimethylohromone lbs 
o- Methylogclohexanone ii *7-Nitro-2-methyl- i 
8-propylohromone i 


m-Methylcyolohexanone T 
*8-Chloro-9-methyl-8-propy!- 
p-Moethylogolohexanone T chromons ji 


* These compounds have been shown to have active CHg group (Ohakravarti, 
J. Indian Chem, Soc., 1982, 9, 28, 31, 389.) 
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ГА 


Compounds.. 


Formaldehyde 
Acetaldehyde 
Phenylacetaldehyde 
Acetone 
Acetophenone 
Bensophenone 


. Citral 


cyoloHexanone 
Nitromethane 
Malonio ester 
Acetoacetic ester 
Cyanoscetic ester 


TABLE П. 
With m-dinitro- With 8 :5-dinitro- 
benzene. toluene. 
No change Violet 
T No change 
Violet Pink 
Т Violet 
No chenge No change 
Violet Violet 
" Pink 
" „ 
No change No change 
Violet T 


With sodium nitro- 
prusside. 


No change 
Pink 
No change 
Pink 


53 


No change 


m-Dinitronaphthalene could not be tested as its alkaline solution 


is itself red. 


In conclusion we wish to express our sincerest thanks to 
Dr. P. B. Sarkar for the active interest he has taken during the 
progress of the work. 
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In а former paper (J. Indian Chem. Soc., 1988, 10, 268) it has 
been shown by the &uthor that jute-lignin is not essentially different 
from other lignins, as ib. gave similar products оп potash fusion and 
that Cross and Bevan’s formula cannot explain their formation. The 
original formula of Cross and Bevan (J. Chem. Soc., 1893, 12, 104) 
was arrived at by studying the chloro compound obtained directly from 
jute. The empirical formula (C,)H,,0,9Cl,) was assigned to it. 
Chlorination of jute-fibre was according to these authors a process 
of simple substitution and they obtained mairogallol and leucogallol 
on sublimation of chlorolignin. 

Since then chlorination of various woods and separated lignins 
has been studied by many investigators : the results obtained are, 
however, far from being concordant. Thus, Heuser and Sieber 
(Z. angew. Chem., 1918, 26, 801) by the chlorination of spruce-wood 
got a product with 22°7%of chlorine; Powell and Whittaker (J. 
Chem. Soc., 1924, 128, 857) got from alkali-lignin a chloro compound 
whose Cl-content was 85'1% and Rassow and Zickmann (J. pr. 
Chem., 1929, 198, 217) were able to isolate a chloro compound with 
38'22% of chlorine. Strong (J. Soc. Ohem. Ind., 1928, 47, 1907) 
repeated the experiment of Cross and Bevan and found that besides 
substitution, considerable oxidation took place when moist chlorine 
acted on jute-fibre, so that contrary to Cross and Bevan’s results 
the amount of Cl evolved as HCl was twice that combined with 
lignin. Strong explained the reaction by equations on the basis of 
Cross and Bevan’s formula. While Jonas (Z. angew. Chem., 1921 
34, 289) and Waenting (ibid., 1928, 41, 977, 1001) obtained the same 
derivative under similar conditions; Rassow and Zickmann (loc. cit ) 
were unable to get a homogeneous chloro compound from pine-wood 
lignin. According to Freudenberg, Belzand Niemann (Ber., 1929, 
62, 1554) when lignin is brominated only substitution takes place, 
but no addition; on the other hand, Hibbert and Sankey (Canadian J, 
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Research, 1981, X, 110) found that both addition and substitution 
took place. From chlorolignin obtained from sources other than 
jute, no worker could get any product by sublimation. The process 
of halogenation of lignin, therefore, requires a critical study and 
the present investigation was undertaken with a view to throw as 
much light as possible on the problem. | 

Contrary to the observations of Cross and Bevan (Cellulose, 1908, 
р. 187) it has been found that dry chlorine acts on jute fibre dried at 
110? over Р.О; under vacuum and a yellow chloro compound was 
obtained. The presence of moisture facilitated the process to a great 
extent but even then all the lignin could not be obtained as chloride 
easily. If the jute was boiled with 1% КОН for one hour and then 
chlorinated, the reaction was complete in one hour. Аз the reac- 
tion proceeds inthe absenceof moisture, it cannot be said that the 
oxidising action of moist chlorine is necessary to disrupt the so- 
called chemical union between lignin and cellulose. The effect of 
alkali-boiling appears to be more physical than chemical, as almost 
all the alkali could be washed off after boiling, the absorption of 
1-2% КОН is explalned by the fact that part of the acetyl group 
in pectin is hydrolysed thereby, as will be shown later on. It can- 
not also be said that the free alkali reduces the acidity of the medium 
and: facilitates chlorination as has been found by Hibbert and Sankey 
(loc. cit.). Itis well known that considerable swelling takes place 
when cellulose matter is treated with alkali. It seems most probable 
that the boiling alkali merely increases the size of the pores and 
thereby makes the passage of chlorine into the fibre easier. 

In the case of separated lignin, however, it has been found that 
moisture has absolutely no effect on chlorination. Тһе chlorination 
of jute-fibre as well as of isolated lignin is attended with liberation 
of heat. Asistobe expected with an exothermic reaction at low 
temperature mere chlorine entered into lignin, the time being the 
same. When HCl-lignin was chlorinated at 60° for 4 hours the maxi- 
mum chlorine-content’ was only 17:095. "This also was the case 
when chlorination was done with catalysts like iodine, FeCl, or 
SbCl,. The influence of light has been found to be nil, it proceeded 
as rapidly inthe dark as in direct sunlight. When lignin was chlo- 
rinated in aqueous suspension, & product was obtained which was to 
some extent soluble in water and had much lower methoxy value. 
It was also soluble in alcohol, acetone, phenol, acetic acid, etc. But 
if the medium was COl,, the product was no longer soluble in water 
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and only sparingly soluble in the organic solvents; the percentage of 
methoxy was, however, considerably higher. This is obviously due to ` 
the oxidising action of chlorine in presence of mcisture. Та all cases 
of chlorination about 6 to 7% of methoxy was always lost even 
when lignin was chlorinated in CCl, suspension by dry chlorine. 
When vanillin was similarly chlorinated, chlorovanillin also suffered 
а loss of 8% of methoxy. Again, when methyl alcohol was the 
medium the percentage of chlorine in the product was nearly the same 
but the methoxy rose up; thus methylation also took place besides 
chlorination. Chloroform and glacial acetic acid behaved in the 
same way ав СОШ. Working under identical conditions, a chloro 
compound with the same percentage of Cl was always obtained from 
lignin as well from jute. 

By a comparative study of the chloro derivatives obtained 
directly from jute and separated lignin, it has been found that the 
two are identical in many respects: thus, both the reactions are 
exothermic and take place with evolution of -HCI ; both com- 
pounds have the same yellow colour, and they are both ash-free ; 
both dissolve in dilute alkali with a deep brown colour and on 
precipitation with acids а compound is obtained which has the 
same low chlorine content, vis., 177196. Оп heating up to 185-40? 
both of them evolve HCl and turn brown and the resulting 
compounds have the same chlorine content again, vis., 17:809. 
Both are free from furfural-yielding substances and on distillation 
with 12% HCl or. 28% Н.80, both yield formaldehyde. Оп subli- 
mation, none gives any product. On re-chlorination in glacial 
. acetic acid both give chlorocompounds with the same higher 
chlorine content, vis., 827%. Both of them reduce Fehling's 
solution readily and both give СО. when boiled with 1295 НО! even 
in an atmosphere of hydrogen. When distilled with moderately 
strong NaOH а distillate is obtained from both, which gives 
iodoform with iodine and alkali. 

The presence of double bond in lignin is still a matter of dispute. 
To explain the formation of rather stable ligno-sulphonic acids, 
Klason (Ber., 1920, 88, 705, 1862, 1864) assumed an ethylene 
linkage in lignin. Hibbert аппа Sankey (00. cit.) from the results 
of bromination conéluded that lignin contained an unsaturated 
side-chain. In their recent formula for lignin, Kürschner and 
Schramek (Tech. Chem. Papier-Zellstoff-Fabr., 1982, - 29, 85) made 
provision for an ethylene linkage to show its analogy to coniferin 
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and account for the formation of acetic acid on hydrolysis and 
oxidation. Heuser (Paper Trade J., 1980, 88, 75) also considers the 
presence of a double bond in lignin very probable. Mehta (Biochem. 
J., 1925, 19, 961) even determined the iodine value of lignm as 
189. But from the study of absorption spectra Herzog (Zellstoff 
и. Papier., 1982, 12, 10) and Hillemer (Ber., 1938, 66, 1600) 
conclude that the side-chain in lignin is saturated. Freudenberg 
and co-workers (loc. cit.) considered the bromination as substitution, 
but they did not present quantitative data. In the present investiga- 
tion, this question has been decided by estimating the HCl evolved 
and Cl combined with lignin. In aqueous suspension lignin (sepa- 
rated) like jute itself, was oxidised- by chlorine and the ratio, Cl 
combined to Clas HCl was found to be considerably higher (about 
1:8). In OCl, as medium it was found to be very approximately 
equal to 1. This was independent of time and temperature of 
chlorination. As the lignin isolated by HOI contains only traces of 
Ol (which cannot be estimated) it is clear that no HCl addition to 
any double bond has taken place during isolation. Nor can dry Cl 
act as an oxidising agent. ‘These results, therefore, prove conclusive- 
ly that side-chains in lignin are saturated. 

In а previous paper it has been shown that the dioxymethylene 
group is characteristic of lignin and that much of it is lost during 
careless isolation (J. Indian Chem. Soc., 1984, 11, 691). Chlorolignin 
from jute and lignin were purified by dissolving in alcohol and then 
in acetone and the final product still gave HCHO on distillation 
with acids. Thus, it cannot be due to any impurity associated 
with lignin. But the major portion of the O'CH,’O group was lost 
during chlorination as was the case with the methoxy group as 
well. Cross and Bevan’s formula as also all others except the one 
by Freudenberg (Ber., 1929, 62, 1814) does not contain this group. 
The former cannot also explain the reducing action of lignin and its 
methoxy value. | 

Chlorolignin has been found to give CO, on distillation with 
12% HCl according to the method of Nanji, Paton and Ling (J. Soc. 
Chem. Ind., 1925, AA, 2587) even when hydrogen was passed 
instead of air. The percentage is higher than in HCl-lignin; it may be 
explained by the fact that the negative substitution by chlorine 
makes the adjacent COOH group more susceptible to hydrolysis. 16 
is interesting to note in this connection that fructose but not glucose 
was found to give ОО» in an atmosphere of hydrogen when similarly 
treated. 
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As shown in а previous paper, the mol. wt. of lignin must 
lie near about 880; the mechanism of chlorination can be satis- 
factorily explained on the basis that lignin has a mol. wt. of 816. 
Under ordinary conditions, 25°8% of Cl means 8 Cl atoms enter 
the molecule to give C,H,..50,Clg. On being heated to 185-40? or ' 
treated with dilute NaOH in the cold, 3 atoms of Cl are lost as HCl 
to leave behind a compound with 5 Ol atoms in the molecule, i. e.. 
C,H,-1;Cl1,0, (with 177% of Cl) and during chlorination of 
lignin at 60° or with catalysts the same product results. On 
re-chlorination, the original compound gives a product with 11 atoms 
of Cl, viz., C,Hy_,,0l,,0, (with 82:795 of Cl). The methoxy 
value also can be explained similarly. Two methoxy groups are 
present in chlorolignin, which means 5'67% of ООН»; while 5°61% 
has actually been found. This view is supported by the fact that 
the mol. wt. of chlorolignin with 25°8% of Cl in phenol has been 
found to be 1080 by сгуовсоріс method; the theoretical value is 
1090. By the boiling point method Waentig (loc. cit.) also got a 
similar figure for chlorolignin from straw. It is too premature to 
suggest any structural formula for lignin at this stage. 


EXPERIMENTAL 


Raw jute, freed from adhering impurities and fatty and resinons 
matter in the usual way, was dried over PO, under vacuum. Dry 
chlorine was passed into the gas-washer containing the jute for 
10-12 hours. The fibre turned light yelow. Excess of chlorine 
was removed by passing dry air through the gas-washer and HCl by 
water. Chlorolignin was extracted with acetone. Cl in the sample 
was determined by Piria and Schiff’s method, which was found to 
give the same result as Carius method (Found: Cl, 26°78 per cent). 

The same sample of jute was moistened with water and chlorina- 
ted in the same way for 4 hours. The fibre turned golden yellow 
and towards the end it bacame much lighter. Purification was done 
in the same way (Found: Cl, 25°67 per cent). 

Purified jute was boiled with 1% KOH for 1 hour and then 
chlorinated by moist chlorine in the same way. The reaction was 
complete in 1 hours prolonged exposure did not increase the percentage 
of chlorine (Found: Cl, 25°64%; OMe, 5°64%). 

2°7587 G. of purified jute was refluxed with 150 с.в. of KOH 
(equivalent to 282°0 с.с. of 0:882 N-HCl) for one hour and the 
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washings (until neutral) required 275 e.c. of the HCl, whence 1°25% 
KOH. was absorbed by the jute. 

Lignin was separated from jute with 42% HCl at 20? for 24 hours 
and without acid boiling at the end. Reducing sugars were removed 
‘by boiling the neutral lignin with water, the light grey product was 
free from pentosans. It was dried and finely powdered and then sieved 
through 200 mesh, About 2g. of this were suspended in about 50 
c.c. of CCl, in a gas-washer and Cl was passed for 4 hours while 
it was occasionally shaken. (Found: Cl, 20:88; OMe, 6°55 per cent). 

Chlorination at 60° was done by placing the gas-washer with 
CCl, and lignin in a water-bath and passing Cl into the same. Puri- 
fication was done as usual. Chlorolignin was heated in a glass tube 
at 140-60? in а glycerine bath until no HCl was found to evolve. 
The deep brown mass was washed with water until neutral and Cl 
was estimated in the sample. The results are shown below. 


TABLE I. 
Medium. Time. Temp. Moist Light Analysis 
or dry. or dark. Ol. OMe. 
со é hours 0° Dry Diffused 2587% 68175 
T ” 97 Moist 5 26'88 5°55 
n n " Dry Sunlight 2081 6°64 
” T " js Dark 25°72 
Т n 28 Dry Diffused 25'69 
” bs 60 Moist » 17°68 6-94 
" ” 97 Dry $i 17°80 e With I4 
"T в 5» i is LUI ... » BbOlR 
T T г, М а 17°81 6:41 ,, FeCl, 
Acetic acid i 29 Moist i 25-90 6:88 
n 1 T » sk 17:97 eco 
СНО] 4 $i Dry T 25°48 5:40 
ОНОҤ 4 ji Moist " 280 18 28 
m 1 is ii % 17°97 1819 
Water 4 Pi i ii 2681 1°52 


~ CO, was estimated by boiling about 0°б g. of ehlorolignin with 
100 c.c. of 12% HCl on glycerine-bath and slowly passing the gas with 
CO,-free air through an upright condenser to two gas-washers each 
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containing 100 с.о. of N/10-baryta for 4-5 hours. The  upernatant 
liquid (25 с.о.) was titrated next day and CO, determined in the usual 
Way. 

Formaldehyde was estimated by distilling about 0°8 в. of the 
substance with 28% H,80, according to Tollens’ method until the 
distillate gave no test by Schryver’s reagent (Proc. Roy. Soc., 1910, 
82B, 226). The filtered liquid was condensed with excess of dime- 
done dissolved in dilute NaOH and made just acid with acetic acid 
(Weinberger, Ind. Eng. Chem. Anal. Ed., 1981, 8, 865). This 
was kept at 4° for 24 hours after addition of a saturated solution 
of NaCl, filtered in a glass filter, washed with water until free from 
chloride, dried at 110° and weighed. The iodometric method gave 
too high results owing to the fact that it contained a product which 
gave iodoform under these conditions. The cyanide method could 
not be employed due to the fact that it contained traces of НОЇ. 

The mol. wt. was determined by the freezing point method in 
phenolic solution. Care was taken to avoid moisture and not to allow 
the temperature of the surroundiug bath to rise 2-8° higher than that 
of the solution, as anomalous results were obtained otherwise. The 
results are shown in Tables IT and IIT. 


TABLE IT. 


Sample, Ci. OMe. HCHO. CO, Mol wt. Olin Clin Olin OMe 
product sample re-chlo- іп re- 
after after inated chlori- 
NaOH heating product. nated 
З "— treatment. to 185-40. product. 
-lignin 


gn 
from jute 25°64% 5'81% 0°74% 4'20% 1080 1770% 1784% 897495 433% 


‚› from 
HCl-lignin 25°88 5°68 070 — 894 ins 17°78 17°88 82°87 4°41 
» in НО 26°31 1°62 sa uds 1074 


TABLE III. 
Chlorolignin from jute. К for phenol- 72, 
Bubstancé, Phenol. A in 0° Mol. wt. Mean. 
() 0°2470 g. 19*11 р. 0°085 1095 
(s) 071522 22°62 0*045 1067 1080 


(iii) 02015 90-56 0065 1078 
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Chlorolignin from | HCl-lignin т aqueus suspension, 


Bubstance. Phenol. A in 0? Mol. wt. Mean, 


- @) 02140 g. 30:49 р. 0:070 1077 
(i) 01876 22:08 0055 1118 1074 
(sii) 0:2908 91-52 0-075 1039 


Ratio of Cl: HCl.—0°8 to 0:4 G. of dry powdered and sieved lignin 
and 60 e. c. of CCl, (dry) were taken in a gas-washer and dry chlorine 
gas was passed through it very slowly (1 to 2 bubbles per second). 
This gas-washer was connected to a second washer containing about 
100 с. e. of water. The latter was wrapped with a thick black cloth 
to minimise the formation of HCl. After the reaction, excess of Cl 
was removed by passing dry air, during which process all the CCl, 
evaporated off. Absence of Ol was tested by starch-iodide paper. 
In some cases it wasnecessary to place the gas-washer containing 
water on boiling water while air was passed through it. The chloro- 
lignin was carefully removed quantitatively, washed with water until 
neutral, dried and Cl was estimated as before. The washings were 
added to the gas-washer containing aqueous HOl and total HCl was 
estimated by titration with N/10-alkali in the usual way. As a 
little HCI was still formed by the action of chlorine on water even 
when it was covered with black cloth, it was necessary to perform 
-a blank experiment with the same quantity of water and for the same 
time, and the titre for НО] (about 4 c. с. of N/10-NaOH) deducted 
from the volumeof NaOH. The amount of HCl“was always slightly 
higher than the Ol combined. This is explained by the fact that 
during removal of chlorolignin, slight traces imperceptively remained 
on the walls of the gas-washer. 


TABLE IV. 

: ; li bi- . Ol 
Lignin. Time. Temp. Cl as [О]. с о j Кайо. 
08020 g. 4 hrs. 28° 0°1506 =. 0°1404 g. 1°07 
0°8080 B B 0 1814 0:19804* - 104 
0'2860 i 899 01128 01008 | 111 
0°2575 go 60 0'0865 0:0780 1°10 
0°2015 „ 60 0'0768 0°0740 1°08 
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SuMMARY, 


1. Dry Cl acts on dry jute to give a chlorolignin with the 
same percentage of Cl as moist Cl; but the reaction is very slow. 

2, The effect of boiling KOH (1 % for 1 hour) on chlorination 
appears to be more physical than chemical. 

8. Light has no influence on chlorination; in presence of cata- 
lysts like Ig, FeCl, or SbCl, вв also at 60° the maximum Cl-content 
was 17'7 № only. 

4. Besides chlorination, methylation takes place when lignin is 
chlorinated in presence of methyl alcohol. 

5. By careful chlorination, the same chloro compound (with 
25°8 % of Cl) is always obtained provided the time is 4 hours and 
lignin is very finely powdered. 

6. The percentage of Cl falls down to 17°7 if the chlorolignin is 
treated with dilute NaOH at room temperature as well as when 16 is 
heated to 185-40° for 8-4 hours. 

7. By estimating Cl as HCl and that in combination, it has been 
shown that HCl-lignin contains no double bond. 

8. The chlorolignins from jute and separated lignin have been 
shown to be almost identical. 

9. Chlorolignin gives СО» even in an atmosphere of hydrogen 
when boiled with 12% НСІ, this is probably due фо a COOH group 
in lignin. 

10. The dioxymethylene is partially lost during chlorination as 
also the methoxy. 

11. Ву acid or alkali distillation chlorolignin gives & product 
which gives iodoform with iodine and alkali. 

12, The mechanism of chlorination can be explained by assum- 
ing that lignin has a mol. wt. of 816. 

18. No structural formula for lignin so far proposed can ade- 
quately explain the above reactions. 

І take this opportunity of gratefully acknowledging my indebted- 
ness to my Professors Dr. J. К. Chowdhury and Dr. J.C. Ghosh 
for the kind interest they have taken in this work. 
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The Alkaloids of Holarrhena Antidysenterica. 
Part III. Studies in the Action of BrON on 
. Сопеввіпв and its V-Demethylation to 
isoConessimine and Conimine. 


' Bx BALIMUZZAMAN BipDiQUI AND Rarar Hussain SIDDIQUI. 


The controversy which has till recently existed about the 
uniformity of conessine since its isolation by Haines as far back 
as 1858, is a measure of the confusion which has arisen through the 
sudden multiplication of the minor alkaloids of Holarrhena anti- 
dysenterica within the last few years, particularly when one takes 
into account the similarity between the analytical data and the 
physical properties of some of the 11 new bases isolated by the differ- 
ent authors (cf. Table, Siddiqui, J. Indian Chem. Soc., 1984, 11, 286). 
The only possibility of effectively clearing up this confusion appeared 
to lie in the establishment of the exact nature of relationship between 
the different bases, especially in reference to conessine. The N-methy- 
lation of conessimine, igoconessimine and conimine to conessine 
(Siddiqui, loc. cit.) was the first and a definite step in this direc- 
tion. The present paper mainly deals with a reversal of this process, 
namely the N-demethylation of conessine to tsoconessimine and 
conimine by the saponification of the corresponding cyanamides, 
obtained through the action of BrCN on conessine and oyanoíso- 
conessimine respectively, after von Braun’s general method of 
degrading tertiary to secondary amines, which was also used by him 
in obtaining the N-demethylated bases in the morphine series (Ber., 
1914, 47, 8312) 

A detailed study of the action of BrCN on conessine leads to the ' 
following conclusions in the light of von Braun’s exhaustive, investi- 
gations in the action of BrCN on tertiary amines on the one hand 
(Ber., 1902, 85, 1279, and preceeding papers) and Spüth's formula 
for conessine on the other (Ber., 1980, 68, 126). 


Z/NMe 
Ca1Hgi 


Ыр 
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(1) That one of the two tertiary amino groups in the conessine 
molecule corresponds in its intensity of reaction to the type of the 
pure aliphatic amines, in so far as the monocyanamide is obtained 
ії а quantitative yield immediately on bringing together the com- 
ponents in ethereal solution in the cold. 


8C5 Hi Ne --2BrON-—2C,4 H4; Ny'ON - C4, H 9 NS (CH3Br)g 


(2) The second tertiary amino group, very probably with the ring 
№ containing only one methyl, is comparatively very resistant 
against the action of BrCN, requiring about a week at room tempera- 
ture for the completion of the reaction: 


+ Ca3H37Ng'ON'CH,Br 

On the basis of these conclusions we feel justified in provisionally 
according the formula (I) for cyanoisoconessimine, (П) for isoconesei- 
mine, (III) for eonessimine, (IV) for dicyanoconimine and (V) for 
conimine. | 
| : Ме : N(Me) NH 

31 Сз: Hai C51 Hi 
М Me (CN) 'NHMe "NM 
(Т) (11) (III) 


:N ON 


СН 


Og, R Cg1H3j | 


"IN(ONMe) NHMe 
(ТУ) (У) 


The fact that the monocyanamide (I) and the dicyanamide (IV) 
yielded on saponification bases whose mixed melting points, optical 
activities, analytical data proved them to be identical with isoconessi- 
mine &nd conimine respeotively, finally dissolves every doubt about 
their purity. А full characterisation of tzoconessimine and conimine, 
through their acetyl, benzoyl and nitroso derivatives which was 
postponed in Part IT, has, therefore, been included in this paper. That 
no trace of cyanoconessimine was found to have been formed under 
the most varied experimental conditions for the BrCN reaction, 
agrees with the observation of von Braun that the action of BrCN is 
quantitatively in one direction and does not give rise to a mixture of 
eyanamides in case of bases containing only carbon snd hydrogen in 
their molecule (Ber., 1907, 40, 8988), 
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- The exact relationship of the different products isolated in the 
course of the present investigations is shown in the chart below. 
(The formation of HBr salte through the action of BrCN on tertiary 
amines has also been observed and accounted for by von Braun in в 
number of cases, Ber., a 88, 2728). 





isoConessimine————————> Conessine <————_-—--___—__-. Gonimine 
СН № Cosas | Cz Hag № 
(m. p. 92*) (m. p. 196 ) (m. p. 184^) 
+ 
р BrON 
| 
Conessine Conessine 
dimetho. monobydro- 
bromide bromide 
СНБ NgB T4 СиНаћ «Вт 
V (m. p. 829°) (m. p. 811°) 
Oyanoisocone:simine— ———— —— + BrON — — >» Dicyanoconimine 
СНз МСМ СН, №:(0М) 
(m. p. 188*) (m. p. 160°) 
Cyanotsoconessimine 
methobromide 
Co H4; NQ,'ON'CH3Br 


(m. p. 255°) 


Apart from the decisive béaring of the present investigations on 
) the general progress of work in the Holarrhena alkaloids, they afford 
a totally new orientation to'studies in the molecule of conessine 


and various aspects of the problem are already being investigated 
Sg: 


нат mge 


M mm 


“МД mol.) of BrON (freshly 
x. 50 с.е. ether were 


ә ^ r^ 
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was shaken with acetic acid and the acid fraction made alkaline with 
caustic soda without first boiling off the ether, when & white silky 
crystalline mass separated out, which after & single crystallisation 
from & mixture of ether and petroleum ether, yielded 11 g. of pure 
cyanoisoconessimine (yield theoretical). 


The acetic acid-insoluble ethereal fraction gave just a trace of 
a treacle on removal of the solvent but no dicyanoconimine could 
be isolated from it. On refluxing 1 mol. of conessine (1:5 g.) with 
2 mols. of BrCN (0'8 д.) in ethereal solution only O'l g. of dieyano- 
conimine could be isolated from the acid-insoluble and 0°4 g. cyano- 
isoconessimine from the acid-soluble ethereal fraction.’ Substitution 
of chloroform for ether as a solvent for this reaction lowered the 
yields of both eyanoisoconessimine and dicyanoconimine, their mother 
liquors yielding undefinable reddish treacly products. When 1 mol. 
(21 g.) of conessine was refluxed with only 1 mol. (6:8 р.) of BrON in 
chloroform solution for an hour and the reaction mixture worked up 
in the general sense of the method given above, 8'5 g. of cyanoiso- 
conessimine, 0'8 в. of dicyanoconimine, 8 g. of conessine dimethoxy- 
bromide and (on fractional crystallisation of the residue from. the 
mother liquors of the quarternary ammonium compound from ethyl 
acetate) 26 g. of conessine monohydrobromide were obtained. 


Action of BrON оп cyanoisoconessimine,—Attempts to obtain a 
satisfactory yield of dicyanoconimine through the direct action of 
BrON on conessine having failed, the action of BrCN on cyanoiso- 
conessimine was tried in different solvents under varying conditions. 
The only method that gave quantitative results was the following. 


2G. of cyanoisoconessimine were dissolved in 20 c.c. of dry ethyl 
acetate, a solution of 0'8 в. BrCN in 10 с.о. ethyl acetate added t- 
it and the mixture kept well corked аф room temperature. ^"' - 
few hours clusters and stars of large spike-forr- ^ 
crystals of cyanotsoconessimine methobror- 
tn aenarate ant. (Found: N. RRO’ 


~ 
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Characterisation uf the Products of BrCN Reaction. 


Cyanoisoconessimine.—It is easily soluble in alcohol, chloroform 
and benzene, less so in ethyl acetate and acetone, difficultly soluble 
in ether and insoluble in petroleum ether. It crystallises from 
absolute alcohol, in which it is not very easily soluble, in elongated 
plates with angular edges, and from ether and ethyl acetate in 
plates (m.p. 182-88°). Having only one basic М, it is monoaoidie 
and rectangular forms asingle series of salts. [Found: N, 11°09; 
CH;, 8°09. О.Н. №'ОМ№ requires М, 11:18; (for 2N'CHg) CHa, 
8°17 per cent]. 
~ The hydrochloride was obtained by adding ether to а solution of 
the base in alcoholic HCl as an oil which crystallised from в mixture 
of alcohol, ether and petroleum ether in clusters of tapering needles 
melting at 289-00? (decomp.). It is easily soluble in alcohol, fairly 
so in hot water, acetone and insoluble in ether. (Found: Cl, 9°09. 
Cg3H37Ng'CN, HCl requires Cl, 8°79 per cent). 

The chloroplatinate was obtained by adding а solution of platinic 
chloride to the aqueous solution of the hydrochloride as a golden 
yellow powder, insoluble in water but fairly soluble in hot methyl 
alcohol from which it crystallised out on slow cooling in tufts of 
slender needles, m. p. 210-11? (decomp.) [Found: Pt, 17:58. 
(Cag H3; N4'CN'HOl)S'PtCl4 requires Pt, 17°07 per cent]. 

The picrate was obtained by adding ethereal solution of picric 
acid to & solution of the base in methyl alcohol as an oily treacle, 
turning into a bright yellow microcrystalline powder (m.p. 189-40°) 
on rubbing with hot water. It is easily soluble in methyl alcohol, 
ethyl acetate and acetone, diffieultly soluble in absolute alcohol or 
water and insoluble in ether. 

Dicyanoconimine.—Its solubility in different organic solvents is 
very similar in character to that of cyanoisoconessimine. It orystal- 
lises from ether, ethyl acetate and acetone, also from concentrated 
solutions of absolute alcohol in elongated plates with angular edges 
and melts at 159-60°. -Being neutral in character, ib does not form 
any salts and is insoluble in acids and alkalis. [Found: М, 13°47; 
CHa; 411. CggH34Ne(CN)g requires N, 14°66; (for 1N-CHs) 
CH, 8°98 per cent]. | 

Conessine dimethobromide.—It crystallises from в mixture of 
alcohol and ethyl acetate in prismatic rods and plates which melt at 
821-22° (decomp.). It is easily soluble in alcohol, chloroform and 


Av — 
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water. From its aqueous solution it separates on addition of caustic 
soda in wooly flakes and can be shaken out wibh chloroform [Found: 
М, 6:08; Br, 29:6; СН., 14:8. С,,Н,,М,(ОН,Вг), requires М, 
5:18; Br, 20:8; (for 5N-CH,) CHg, 18'7 per cent]. 

Conessinc monohydrobromide,—15 is easily soluble in alcohol and 
water and difficultly soluble in acetone and ethyl acetate, from 
which it orystallises in prismatic-rods melting at 810-11° (decomp.). 
[Found: СН., 11:0; Br, 19'0. С..Н.оМ., HBr requires (for 8 
СН.) OH, 10:8; Br, 18:8 рег cent]. 

Saponification of cyanoisoconesstmine.—®5 È. of cyanoisoconessimine 
in 50 с.с. of 20% absolute alcoholic potash were refluxed on the water- 
bath for 48 hours, in the course of which a crystalline mass slowly 
separated out, which was identified as potassium carbonate. The 
slightly reddish residue left on removal of the major portion of aleohol 
was extracted with ether and the ethereal solution washed with 
water and then shaken with acetic acid. The nearly colourless, acidic 
solution was made alkaline with caustic soda and shaken with ether. 
On removal of the solvent from the well dried ethereal solution, & 
colourless treacle was obtained, which crystallised from ethyl acetate 
in clusters and stars of needles melting at 92°, yield 4g. On 
admixture with isoconessimine from the bark, it did not show any 
depression in its melting point. With conessimine it began to 
soften at 70° and completely melted at 80°. In agreement with 
isoconessimine from the plant it showed a rotation, [о] 5 = 4-80? in 


195 absolute alcohol solution. 


Derivatives of isoConessimine. 


Benzoylisoconessimine.—0'8 С. of isoconessimine was finely 
powdered with 0°12 g. of benzoic anhydride and the mixture which 
melted at 55° was slowly heated in a sulphuric acid bath up to 140°. 
After cooling the hard slightly reddish molten mass was dissolved in 
acetic acid, the acidic solution made alkaline with caustic soda 
and shaken with ether. The treacle left on removal of the solvent 
from the dried ethereal solution was taken up in petroleum ether, 
treated with moist carbon dioxide to remove traces qf unreacted base 
and the colourless solution dried over potassium carbonate. The 
treacle left on distilling off the solvent yielded the benzoyl base on 
crystallisation from acetone in aggregates of elongated plates, m.p. 
159-60°, yield 0'2 g. It is soluble in alcohol and ethyl acetate, 
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slightly less во in acetone, ether and petroleum ether and is a mono- 
acidic base in character. (Found: C, 79:5; Н, 9°85; N, 6'16. 
Og5H34N4'CO'C4H, requires C, 80:7; Н, 9°42; М, 6°28 per cent). 

The hydrochloride was obtained as a crystalline powder, easily 
soluble in-aleohol, water and acetone by adding ethereal hydrochloric 
acid to an ethereal solution of the base, m.p. 825-26° (decomp.). 

The chloroplatinate was obtained by adding 10% platinic chloride 
solution to an squeous solution of the hydrochloride as an amber 
coloured powder, difficultly soluble in alcohol and insoluble in water, 
m.p. 264-65° (decomp.). [Found: Pt, 18:5. (Co5H3; NS4"CO'Cg&H,, 
HOl)13 PtCl, requires Pt, 18°4 per cent]. 

Acetylisoconessimine,—0'25 G. of isoconessimine hydrochloride 
and 0°5 g. of sodium acetate were dissolved in 2 c.c. water and 0°6 g. 
of acetic anhydride added to the solution, which was then heated on 
the water-bath for an hour. The reaction mixture was cooled, 
diluted with water, made alkaline with caustic soda and shaken with 
ether. The residue from the ethereal solution was taken up in 
petroleum ether and treated with moist carbon dioxide to remove 
any unreacted base, when a little brownish scum separated out. 
The colourless solution was dried over potassium carbonate and 
the filtrate concentrated, when the pure acetyl base separated out 
in aggregates of rectangular plates, yield O'16 g. melting at 127.28? 
and easily soluble in alcohol, ethyl acetate, acetone and ether, less so 
in petroleum ether. (Found :О, 78°82; Н, 10°66; М, 7°65. CosHs7No’- 
CO'CH; requires C, 78°1; Н, 10°4; М, 7:29 per cent). 

The hydrochloride was obtained by adding ethereal hydrochlric acid 
to an ethereal solution of the base as a white microcrystalline powder 
which is soluble in alcohol and water and melts at 826.26? (decomp.). 
Acetylisoconessimine hydrochloride as prepared by adding an 
ethereal solution of acetyl chloride to an ether solution of isoconessi- 
mine salso melted at 825-26°. (Found: Cl, 9°58. CasHazNg: CO- 
CH}, HCl requires Cl, 8°64 per cent). 

The chloroplatinate was obtained by adding 5% platinic chloride 
solution tothe aqueous solution of the hydrochloride as an amber 
coloured powder, which shrinks at 246° and melts at 205-60? 
(decomp.). [Found : Pt, 21°02. (CosHs7Ng’ CO: ОН», HCl) 14 РО 
requires Pt, 20°2 per cent]. | 

Thus both benzoyl and — айдаа agree with acetyl 
conessemine (Part II, loc. cit.) in forming chloroplatinates answering 
to the type (B, НО!) РО. 
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Nitrosoigoconessimine. — А concentrated solution of sodium nitrite 
was added in drops to a cooled solution of the base (0°2 р.) in acetic 
acid with constant stirring. The white granular precipitate was 
washed with a little water and dissolved in excess of acetic acid, 
the base liberated with caustic soda and oxtracted with petroleum 
ether. On drying the solution over potassium carbonate and concen- 
trating the filtrate, nitrosotsoconessimine crystallised out -in the 
cold in spike-formed amber coloured needles, m. p. 168-64°, yield 
О`12 в. It is soluble in ether, alcohol and acetone, difficultly 
soluble in petroleum ether and behaves as a monoacidic base. (Found: 
С, 74°71; Н, 10°08; М, 10°94. O©C,,H3,N, "МО requires О, 74°4; 
Н, 9:07; М, 11:8 per cent). 

The hydrochloride, prepared from the components in ethereal 
solution, formed a ‘crystalline powder which is soluble in alcohol 
and water and melts at 248-51° (decomp.) (Found: Cl, 9:88. 
Co3H37Nq' NO, HCl requires О], 8°92 per cent). 

The picrate was obtained from the components in ethereal solution 
аз а bright yellow powder, which orystallised from methyl alcohol 
in clusters of lemon-yellow tapering needles, which are difficultly 
soluble in cold, fairly in hot water or alcohol and melt at 190-94°, 


Saponification of Dicyanoconimine: Conimine. 


2°2 G. of dicyanoconimine was refluxed with 20% absolute alcoholic 
caustic potash solution (40 o.c.) for 12 hours, when crystals of 
potassium carbonate slowly separated out. The reddish residue left 
on removal of the alcohol was extracted with ether. The ethereal 
solution was washed with water and shaken with dilute acetic acid, 
from which the base was liberated with caustic soda and extracted 
with ether. The pale treacly residue, left on removing the solvent 
from the dried ethereal solution, crystallised from ethyl acetate in clus- 
ters and stars of spike-formed needles, yield 1:8 р. It melted at 184° 
and showed no depression inits m. p. on admixture with conimine 
from the plant. The melting points of the hydrochloride and the 
picrate of the base also concurred with those of conimine. It 
showed a rotation [a] +в = —80° in 1% solution in absolute alcohol, 


Derivatives of Conimine, 


Dibenzoylconimine.—To a solution of 0-5 р. of conimine in 8 6.6.. 
pyridine was added 0°5 g. of benzoyl chloride in a little ether with 
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cooling and the reaction mixture was left at room temperature for 
8 hours. On dilution with water olusters of spindle shaped needles 
were obtained, which on recrystallisation from chloroform and 
acetone melted at 250°. It is easily soluble in chloroform, alcohol 
and ethyl acetate, difficulty soluble in acetone and insoluble in 
ether and petroleum ether.  [Found: С, 70:41; Н, 8:28; М, 5:81. 
СН. (CO' О.Н»). requires C, 80°60; H, 8°21; N, 5:22 
per cent]. 

Diaoetyloonimine.—An intimate mixture of conimine (0'5 g), 
anhydrous sodium acetate (0°5 g) and acetic anhydride (1 c.c.) was 
heated on the water-bath for 8 hours. The reaction mixture on 
dilution with water gave a treacly residue which was extracted 
with ethy! acetate and dried over sodium sulphate. On removal 
of the solvent the colourless residue was dried in vacuo over P,O, 
when a semicrystalline snow white powder (0'4g.) was obtained, 
which was soluble in hot petroleum ether, ethyl acetate, alcoho! 
and chloroform, insoluble in ether and melted at 180-409. [Found: 
C, 75:67; Н, 9°79; М, 6°75. С.Н ..М(СО’ CH), requires С, 75°72; 
H, 9°71; N, 6°79 per cent]. 

Dinitrosoconimine.—A concentrated solution of sodium nitrite 
was added in drops to 1 g. of conimine in б c.c. of 10% acetic acid 
with good cooling and stirring. On keeping the mixture for 1 hour 
at room temperature a viscous oil separated which turned into 
a powder on rubbing and washing with acetic acid and then with 
water. On concentrating a solution of the powder in acetone, 
nitrosoconimine was obtained in aggregates of rectangular plates 
(0'0g.) melting at 206-07°. It also crystallises from alcohol or 
benzene. It is easily soluble in acetone, ethyl acetate, benzene, 
chloroform and alcohol and insoluble in ether, petroleum ether 
and water. [Found: М, 14°17. СооН..М. (NO)g requires М, 14°5 
per cent |. 
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Studies in the Coagulation of Colloids. Part X. Visco- 
sity Variations during Mutual Coagulations of 
Positive Ferric Oxide Sol and Colloid Arseni- 
ous Sulphide, Manganese Dioxide, and 
Antimony Sulphide. 


By SunmHAR ВАВУОТТАМ Josm AND К. P. М. PANNIKKAR. 


А review of the literature on the subject showed that but little 
quantitative information is available on the kinetics of the mutual 
coagulation of oppositely charged colloids, and especially about the 
corresponding changes of viscosity. It has been shown in previous 
work (Joshi and Viswanath, J. Indiam Chem. Soc., 1988, 10, 829 ; 
Joshi and Menon, ibid., 1988, 10, 599 ; Joshi and Nanjappa, ibid., 
1984, 11, 188) that during the slow coagulations of a number of 
sols due to different electrolytes, the viscosity increases discontinuous- 
ly, and also that in a number of well ascertained cases (Joshi and 
Nanjappa, loc. cit. ; Joshi and Iyengar, ibid., 1984, 11, 555), the 
above ‘property actually decreased below the initial value. This 
suggested that the viscosity change is not necessarily a measure of 
coagulation at any rate in the slow region. Since this appeared to 
be contrary to the current views on the subject, it appeared desirable 
to examine the validity of the above deduction from the standpoint 
of a new type of evidence ; to this end, for reasons mentioned already, 
measurements of viscosity changes during mutual cougulations were 
undertaken. | 


EXPERIMENTAL, 


Colloid ferric oxide was prepared by hydrolysing an aqueons solu- 
tion of about б в. of ferric chloride in в litre. It was dialysed 
against repeated changes of hot water, till the dialysate was free 
from chlorine. The colloid content was estimated as in Part VII 
(Joshi and Nanjappa, loc. сй.). The arsenious and antimony sulphide 
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sols were prepared and estimated for their strengths as described in 
Parts I and II (J. Indian Chem. Soc., 1981, 8, 11, 887). The manga- 
nese dioxide sol was prepared as recommended by Cuy (J. Phys. 
Chem., 1921, 38, 415). The colloid contents per litre of these sols 
were 1:5 g. FegOgs, B g. Asg83, 2'1д. MnOg and 1:0 g. 8b,83. The 
viscosity was measured by Scarpa’s method with modifications des- 
cribed previously (Joshi and Vishwanath, loc. cit.). The temperature 
of the thermostat was kept constant at 86°+0°1. The suction applied 
was 27 om. of water, and kept constant within 0'8 mm. This was 
such that the time of rise and fall for the constant volume of the 
liquid was approximately the same. Other details of manipulation 
and precautions have been described in Parts VI-VIIT. On repeated 
measurements with a standard liquid like water at the above tem- 
perature the apparatus used was capable of giving an accuracy of 
01575. Changes in viscosity at least four times as great only are 
reported. 

40 C. c. of the mixture were placed in the Scarpa tube in all the 
experiments. 16 contained 20 с. с. of the ferric oxide sol in experi- 
ments referred to in Tables I, ПІ and IV. Different volumes of any 
of the oppositely charged colloid, vis., Ав.8з, MnOg and Sb45,, 
were then diluted with such amounts of water that the volume of 
the diluted sol was always 20 о. с. (of. 2nd column in Tables I-IV). 
The two sols were allowed to attain the temperature of the thermo- 
stat before mixing.. Experiments in Table II refer to coagulations 
when the amount of colloid ferric oxide was varied and that of arseni- 
ous sulphide kept constant. Results for у, the viscosity, have been : 
expressed relative to that of water taken as unity, and have been 
shown graphically in Figs. 1-8. Results quoted in Tables I-IV have been 
obtained from the corresponding viscosity-time curves. The following 
abbreviations have been used: п; =іпійа] viscosity ; na = first mini- 
mum viscosity ; ga, ia percentage diminution, i. e., (nm-—;)/7, x 100 ; 
Ту» is time in minutes corresponding to fm. Remarks in the last 
column relate to observations of coagulation or otherwise, as judged 
by the production of the characteristic turbidity some times ac- 
companied by minute particles of the coagulum. Ourve Nos. shown in 
circles in Figs. 1-8 and in Ist column in Tables I-IV refer to mixtures 
where coagulation was observed. Viscosity measurements were 
continued, until the coagulum tended to make the system appreoi- 
ably heterogeneous, and leave в deposit on the walls of the visco- 
meter. 
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TABLE Г, 


Colloid content: (i) 1'6 р. Fe,O; per litre; (ii) 8'O р. As38, per litre. 


8 
a 


1 


Composition of the 
7 
FegOs + А83, + Water. 


80 + 90 + Nil 


mixture in с. с. 


16 + 4 


10 + 10 


6 + 16 
9 + 18 
1 + 19 


O8 + t98 


104 


1°07 


111 


109 
1°06 


1°06 


1°09 
1°09 


1°08 


LLL 


1°08 


1'25 


6°5 


89 


18 


TABLE II (of. Fig. 1). 


-Bemarke. * 


No sensiblo floccula- 
tion in several hr. 


after mixing. 


No sensible floccula- 
tion in 2 hra. 


Do 


vm 


Coagulation after 54 
ming, 


. Immediate coagulation 


after mixing. 
Do 


Colloid content: (1) 8 g. Ass per litre; (ii) 1°5 в. FegOg per litre. 


Ourve No. 


- 


з c € c to 


Composition of the ` 


20 


mixture in с. с. 
As4B83 + FegOs4 + Water. 


-+ 


+ 


18 + 2 


15 + б 
10 +0 
5 +,15 


а + 18 


1 +19 


я. 


06 t 195 1°04 


My 


Nae 


27 


2'0 
2°2 


45 
v9 
11. 


-18 


Remarks. 


No sensible coagula- 
tion. ; 
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Taste III (cf; Fig. 2). 
Collid content: (i) 1°6 в. FegOg per litre; (ii) 2'1 в. MnOg per litre. 


o Oomposition of the 

Zi mixture in c. с. 

Ф "o fie. 74. Т... Remarks. 

E Fe403 + MnO, + Water. 

1 20 + 90 + Ni 1°05 1'04 1'0 12 

а 904 Ib + & 104 108 04 22 Мо sensible floscula- 

Р tion in 9 hours. 

8 20+ 12+ 8 гоз 108 04 14 Immediate cosgula- 
‘tion. 

4 20 + 10 + 10 1'05 108 393 88 Immediate coagule- 
tion. 

5 90 + 1 + 19 1°08 оз 41 14 


6 980 + 0% + 195 1°08 ra 8'0 89 


Тавів IV (of. Fig. 8). 
Colloid content : (i) 1'6 g. Fe40, per litre; (И) 1'9 в. 5.8, per litre. 


3 Composition of the 

e mixiure in c. c. 

р Bye Ame Mae Тә. 

ü ҤезОу + ВЪаВз + Water . : 

1 0 + 10 + 10 108 105 80 18 Ooagulation sensible 
after D mins. 

2 20 + 6 + 14 1°06 1'04 156 14 

з 20+ 5+3 118 110 07 21 Coagulation sensible 
. after 50 mins. 

4 20 + 4 + 10 1°04 1°02 1°2 18 

5 20 


+ 2 + 18 1'08 108 10 29 No sensible cosgula- 
: tion. 


DI8O0088ION. 


Data in Tables I-IV show that the occurrence of mutual coagula- 
tion is not produced for all the proportions in which the two oppositely 
charged colloids are mixed. This agrees with the results of Biltz 
(cf. Freundlich, ‘‘Colloid and Capillary Chemistry,’’ 1926, p. 478) ob- 
tained with mixtures of the Asg8, and Fe Og sols that (a) coagula- 
tion was generally favoured when their colloid conteñts were approxi- 
mately equal, and that (b) the change was slow to appear and appreci- 
ably restricted in bulk when there was a preponderating excess of one 


of the two constituents. Since in the present experiments the strength 
\ 
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of the As,8, sol is twice as great as that of the FegO, sol, it is to 
be anticipated that coagulation would not be sensible, unless the 
concentration of the former sol is.reduced to half by dilution with 
water before mixing with the other colloid. .The absence of coagula- 
tion in experiments recorded in Table II and in Nos 1-4 in Table I, 
and its appearance from No. 5 onwards is in agreement with the 
above deduction. It is also seen that as suggested by (b), results in 
Tables ПТ and IV show that coagulation occurs only for an intermediate 
range of proportions of the two colloids. In this connection, it is 
somewhat surprising to note from results in Table I that coagulation 
was both distinct and quick to appear even though the amount of the 
Аво®з sol was reduced to as low as 0:6 с. c. (and diluted with 19'6 
с. с. of water), while that of the FegO3 sol was 20 o.c. 


It is seen from the foregoing results that a decrease of viscosity 
in the range 0'7 to 6'5% of the initial viscosity occurs in 22 out of 
27 coagulations studied, within 16 to 80 minutes (in one, 55) after 
mixing the colloids. The n-time curves (not shown in fig.) corres- 
ponding to experiments No. 4, 5, 7 and 8 in Table I showed that 
viscosity increased rapidly during these coagulations, and that the 
initial viscosity diminution was insensible, as observed in numerous 
instances of rapid coagulation reported previously (of. Parts VI-IX, 
loc, cit.). Ib would appear however that although the present results 
confirm the frequent occurrence of an initial fall of viscosity as 
observed in the considerable number of slow coagulations studied 
previously (loc. сй.), more experimental work is. needed to elucidate 
the nature of the micellar and other changes connected with its 
occurrence. It might be mentioned that the magnitude of the 
initial fall of viscosity observed in some of these mutual coagulations 
is considerably larger than that observed in electrolytic coagulation 
studied previously. It was also observed (cf. Joshi and Iyengar, 
loc. cit.) that unlike a definite stage in coagulation whose duration is 
highly influenced by changes in the nature and strength of the 
coagulator, the time corresponding to the occurrence of the initial fall 
of viscosity varies but irregularly over not a wide range of time. 
It is interesting in this connection to observe that (cf. Table II) 
appreciable values of nm are observed although there is no sensible 
coagulation. This suggests that the process (or processes) accessory 
to this initial diminution of viscosity is nearly as widely occurrent as 
coagulation itself, and in all probability independent of the latter 
(vide infra). | 
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Fig. 1. 
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Fig. 8. 
Mutual coagulation, FegO5 + Sbs8,. 
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An examination of the viscosity-time curves in Figs. 1-8 shows that 
the last remark is also applicable to viscosity changes ng produced 
as & result of mixing the oppositely charged colloids. Moreover, in 
^ agreement with results in previous publications (loc. cit.) the time 
variation of. the viscosity of the mixed colloids is, in general, 
discontinuous, except when the coagulation is rapid. It is also 
notable that though comparatively more uniform, the viscosity 
variations are quite appreciable in magnitude even in mixtures where 
по -coagulation could be observed. In experiments No. 7 and 8 
corresponding to two successive mixtures in Table I coagulation was 
observed only in the latter. The corresponding viscosity-time curves 
(not shown in figure) showed however an essentially similar type, viz., 
an initial rapid rise to a well marked maximum and а subsequent 
decrease. Additional evidence in this connection is provided by the 
series of mixtures to which curves in Fig. 1 refer; these show the 
occurrence of sensible viscosity variations not accompanied by 
coagulation (cf. other curves in Figs.2 and 8). Similar results, to 
be published shortly, have been obtaihed in numerous coagulations 
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due especially to the use of non-electrolytes as coagulators, It 
might be recalled that quite a considerable part of the current evi- 
dence in the literature for the production of coagulation depends 
upon visual observation of the turbidity and allied changes such as 
flocculation. Thus defined, coagulation corresponds to but an 
intermediate region in the series of changes limited on one extreme 
by the precipitation of the suspended material, and on the other, 
by the just incipient, perhaps pre-coalescence changes in the 
micelle initiated on the introduction of but traces of the coagulant. 
It is to be anticipated therefore that a typical colloid-sensitive 
property like viscosity should be influenced by changes not suffi- 
` ciently gross to be noticed under coagulation observed visually by 
noting turbidity changes. Incidentally, this shows the necessity of 
following the progress of a given coagulation by more than 
one of the properties employed generally in these measurements. 
Such work has been already in progress for some considerable time 
in these laboratories, and the results will be reported in due 
course. 


SUMMARY, 


1. Mixtures of positively charged colloid ferric oxide with varying 
proportions of negative arsenious sulphide, manganese dioxide 
and antimony sulphide sols have been studied for mutual 
coagulation and consequential viscosity changes. The former was 
usually noticeable for certain intermediate proportions of the two 
colloids. 

2. Sensible viscosity changes were produced even when there 
was no preceptible coagulation. These changes, in agreement with 
previous results, showed an initial fall of viscosity up to 6'5 per cent. 
of the initial value, and well marked discontinuities on the viscosity- 
time curves. Both these features tended to disappear in rapid 
coagulations, 
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Thermionic Emission and Catalytic Activity. Part II. 
Thoria-Oeria Surfaces. A Contribution to the 
Theory of Welsbach Gas Mantle. 


Ву B. В. Выхамтам. 


Various theories have been put forward to account for the increase 
in the light emissivity of the gas mantle containing 00:175 thoria and 
0`9% ceria. Lewis (Ohem. News, 1905, 91, 62) gives a complete 
summary of the work done so far on the subject. Westphal, suggest- 
‘ed that the emissivity is due to the combination of an acidic oxide 
like thoria with that of & basic one like ceria. But Bunte (cf. Lewis, 
loc. cit.) put forward the idea that the mantle surface is catalytically 
active and the chemical reaction of the burning gases on the surface 
heats up the refractory material to such high temperatures that 
the glow occurs. In otder to produce light emissivity of such magni- 
tude as in the gas mantle, Rubens (Ann. physik, 1906, iv, 20, 598) 

‘has shown that a black body temperature of at least 1000? is 
required. However, Le Chatelier and Boudouard (Compt. rend., 
1898, 126, 1861) found that thoria-ceria mixtures exhibited unequal 
emissivity for different regions in the visible part of the spectrum and 
that these mixtures conformed more to a coloured body radiator. 
Nernst and Bose (Physikal. Z., 1900, 1, 289) also found that these 
mixtures gave rise to selective radiation when heated in a Bunsen 
flame. Bunte later abandoned his catalysis theory and preferred 
the radiation theory on the basis of the results of his co-workers, 
Schmidt and others who showed that the light emissivity of the 
mantle was the same as that of the mixture even though heated to 
the same temperature in а muffle furnace. The experimental method 
of these authors has been objected to by Lewis (loc. cit.). i 

On the other hand White and Travers (J. Soc. Ohem.  1nd., 1909, 
91, 1012) maintains that the temperature of heating has no correlation 
with light emissivity? А thoria surface heated up to 1510° gave 
only 1:2 C. P. per cu. ft. of gas, while а mantle surface at 1404° gave 
15:77 С. P. per ou. ft. They consider that в solid solution of ceria 
in Воже occurs, which exhibits a maximum ‘efficiency in converting 
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heat into light. Thata solid solution of ceria in thoria occurs is 
confirmed well by the expsriments of Meyer and Anschutz (Ber., 
1907, 40, 2689). M. Chas. Ferry (Ann. chim. phys., 1902, vii, 27, 
488) thinks that ceria is finely divided and dispersed as & solid solution 
in thoria and helps to increase the catalytic activity of thoria by 
condensing the gases on the surface and that the chemical reaction 
gives rise to the high temperature and luminosity. 

Recently Swan (J. Chem. Soc., 1924, 126, 780) bas shown that 
the maximum catalytic efficiency of ceria-thoria mixtures towards 
electrolytic gas mixtures is also found to occur with a surface contain- 
ing 0°8% of ceria. He concluded that ceria acts ав an oxygen-carry- 
ing promoter to the catalyst material thoria (cf. Wyrouboff and V. B. 
Lewis, Taylor, ‘‘Catalysis in Theory and Practice," 1926, p. 199) or 
increases the electron emission of thoria, which causes greater ionisa- 
tion of the reacting gases. He leaves the question open between 
these two possibilities. Even if the first alternative is taken in 
preference to the latter, there is no reason why & mixture containing 
only 1% of crie should show maximum catalytic activity and lumi- 
nosity. 

In Part I of this series (Indian J. Phys., 1981, 6, -685) the 
author has drawn attention to the complete analogy that exists 
between thermionic émission and catalysis and has further shown 
that the interaction between carbon dioxide and hydrogen on the 
surfaces of platinum and thoriated tungsten was perceptible at the 
‘game temperature at which thermionic emission was also evident. 
It appears interesting to connect the two sets of observations by 
attributing thermionic emission as the primary cause of chemical 
reaction at the surfaces of incandescent bodies. х 

. The example of the Welsbach gas mantle forms an interesting 
study in this connection. .It is the object of this paper to study in a 
comparative way the emission of electricity from a platinum -wire 
coated with mixtures of ceria and thoria of different amounts and. gee 
if the maximum thermionic emission from реве surfaces occurs. also 
at the same proportion of thoria and ceria (99:1), which is known 
to give maximum light emissivity and catalytic efficiency. 


EXPERIMENTAL, 


The apparatus and the experimental-methods are exactly the same 
as in the previous part (loc. -cit.),- except that the spiral MacLeod 
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gauge was replaced by the more common form. A complete discus- 
sion of the limitations of the experimental methods are to be found 
there. The heating current in this case is supplied by a 10 volt 
battery through a rheostat. In measuring thermionic currents а 
micro-ammefter was used for the platinum wire and a sensitive gal- 
vanometer of the D’Arsonval type was used for the wires coated with 
thoria-ceria mixtures. In order to minimise the table leak, all the 
pieces of the measuring instruments were set on ebonite sheets. The 
table was heavily waxed with paraffin. The key switch in the galva- 
nometer circuit was put on by means of a long ebonite rod. 


Coating of the wires.—Weighed quantities of the nitrates of 
thorium and cerium, which would give the required proportion of 
thoria-ceria on ignition, were dissolved in the minimum quantity of 
water and mixed. The platinum wire was dipped in the syrupy 
solution and was heated outside by a small current to dull red glow, 
when the nitrates decomposed leaving a thin coating of the mixed 
oxides. This process was repeated carefully twice or thrice till a 
uniform and an adherent coating was obtained. 


Temperature т easurement,——The temperature of the hot wire was 
calculated from a knowledge of its resistance. The resistance of the 
wire at the melting point of ice and steam was measured with ө 
: Robertson bridge with compensating leads joined to 1 om. of platinum 
wire in the circuit. This allows sufficiently for the cooling effect 
at the leads while the wire is heated. The resistances of the 
wire at the higher temperatures were calculated by noting the 
heating current in the circuit and the voltage across the ends of the 
wire. A sensitive ammeter and a voltmeter were employed. The 
temperature coefficient of resistance of the platinum wire was 
. 88:4 х 10-4. For the coated wires the temperature coefficient was 
assumed to be the same as that of platinum, since thoria and ceria 
are poor conductors of heat. The resistances of the wire calculated 
from these data could be taken with confidence and an error of even 
0°01 ohm in the neighbourhood of 1000? makes only a difference of 
less than 5° in the calculated temperature. Hence the temperature 
measurements are quite reliable. 
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Figs. 1-4 present the summary of the results on thermi- 
onic emission from platinum and platinum coated with thoria- 
ceria mixtures of varying composition. Ав in the previous 
work the temperatures at which thermionic emission is just per- 
ceptible or commences was found for each of these surfaces. The 
logarithms of the temperatures of the glowing wires were plotted 
against the galvanometer deflection. Duplicates agree well as seen 
from the graphs. These graphs are straight lines at low temperatures 
and when produced cut the X-axis sharply at the same point. But 
at higher temperatures they suddenly bend and go up. This is 
due to large currents being set up owing to ionisation due to collision 
with the gases evolved in the tube during the course of the 
experiment. Quantitative measurement of electron emission at any 
one temperature for each of these surfaces was not made but a 
comparision of the temperatures at which the emission was percep- 
tible for these surfaces was made. That surface which at any tem- 
perature would exhibit maximum emissivity over the others would 
give rise to incipient emission at a far lower temperature than that 
of the others. Table I gives the temperatures (to the nearest degree) 
obtained from the graphs at which thermionic emission is just percep- 
tible over various thoria-ceria surfaces. 


TABLE I, 
Surface. Temperature at which thermionic 
a emission is Just perceptible. 
Platinum v.. enn ТТІ * 1339* 
Thoriascaria 98‘S8: 1°17 ias б P 1000* 
Do 9807 : 1°08 aan TIT aan 948° 


Do 9919: 0°88 V j " a 1000* 
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It is seen from the results that the temperature at which ther- 
mionic emission is perceptible is minimum with в thoria-ceria 
surface containing 98'979% of thoria and 1`08% ceria, Consequently 
this surface should give rise to maximum electron emission in 
comparision with others. This result when considered with those of 
the light emissivity of the gas mantle and that of the catalytic 
activity of thoria-ceria (loc. cit.) provides an interesting basis for the 
explanation of activation of gases at catalytic surfaces and in parti- 
cular the light emissivity of incandescent mantles. On the basis 
of the results obtained here and in the previous part (loc. cit.), it 
could be definitely stated that the activation of gases on the surfaces 
of catalysts depends on the capacity of the surface to emit elec- 
trons. The light emissivity of the gas mantle is a consequencé of 
the oxidation of kerosene hydrocarbons on the surface of the mantle 
which is also dependent on' the electron emission. A further discus- 
sion on the theoretical bearing of the catalytic activation of gases 
on the electron emission of the catalyst will form the subject of 
another communication. 

А 
ы 

- 1. А review of the various theories put forward to explain the 
brilliance of the Welsbach gas mantle ів made. 

2. Comparative measurements of thermionic emission from the 
surfaces of platinum, and thoria-ceria mixture of А: percentages, 
are made, 

8. A mixture of thoria-ceria containing 1% of ceria is found to 
give rise to incipient electron emission at a lower temperature than 
those containing more or less amounts of ceria than 195; this is 
identified to give the maximum electron emission than the other 
mixtures at the same temperature. 

4, Catalytic activation of gases, of which the example of the 
Welsbach gas mantle is a particular case, is definitely attributed to 
electron emission from that catalyst surface. 

My thanks ure due to Principal Rao Bahadur G. Nagaratnam, 
B.A., B.E., M.LE., for his kind interest and to Mr. 8. ернар, 


В. A., for his kind assistance. : 
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Attempts to Synthesise Uric Acid from Nine-membered 
Cycloids. 


By P. С. Goma AND М. М. RBAMASWAMI. 


The syntheses of uric acid known at present involve reactions 
which are many and complex, the starting material itself being not 
easily obtained in some cases. Horbaczewski’s synthesis (Ber., 1882, 
18, 2678 ; Monatsh, 1885,- 6, 856; 1887, 8, 206) which at present is 
of interest merely as being the first, was to heat urea with glycocoll 
or cyanacetic acid; but Hoffmann (Annalen, 1025, 441, 216) asserts 
that ‘nob a trace of uric acid is formed by heating urea with 
glycocoll''. 

For all the syntheses of uric acid and purine bases, Behrend and 
Roosen (Ber., 1881, 21, 959; Annalen, 1888, 981, 285), Baeyer and 
БеШіерег (Annalen, 1868, 127, 8), Fischer (Ber., 1805, 28, 2473; 
1897, 80, 559), Traube (Ber:, 1900, 88, 1871, 3085), John (J. Ámer. 
Chem. Soc., 1909, 41, 58; 1911, X8, 79) have first prepared a 4:5- 
disubstituted pyrimidine derivative and then built up the iminazole 
ring from the substituent groups in the 4:5-positions. - It, therefore, 
seemed that if uric acid or any of its more closely allied derivatives 
could be synthesised from а simple nine-membered cycloid, the 
suggestion that similar syntheses take place within the living 
organism from the polypeptides, which are known to be among the 
degradation products of proteins in the body, would gain probability. 
Apart from this, any simple synthesis of uric acid or its derivatives 
would possess an intrinsic interest and also might be useful for the 
preparation of some of the important purine derivatives occurring in 
plant products, such as caffeine, theobromine, theophylline, etc. 
The methods, which have now been tried to achieve this end, 
differ fundamentally from the earlier syntheses by attempting to 
bridge a nine-membered oycloid in such a way that the required 
pyrimidine and iminazole rings come into existence simultaneously, 
as they exist in the uric acid molecule. 

Three distinct methods of attacking the problem were planned. 
The first was to condense exe pumeenans with urea to produce 


4 
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carbo-oxalyldiurea (I) which on reduction might yield uric acid (П) 


| + poo — | 700 — 
CO-NH-CO,Et HN O-NH-CO-NH 
| @ 
eae ia 
| 
NH ~ CO ~ NH CO C-NH 
(у ОТ | | CO 
CO—-NH-CO-NH NH-—-C-NH 
(I) . 


The possibility of bridge formation on reduction of carbo-oxalyl- 
diurea might now be considered. The removal of the oxygen atoms 
from positions 2:4, 2:9, 4:6 and 6:8 would lead to the formation of 
three-membered rings, and from 6:9 & four membered ring which are 
not likely to be stable and hence their formation improbable. While 
there is undoubtedly the possibility of the 2:0-linkage, by far the 
most stable system would result from the linking of the 4:8 carbon 
atoms (or what amounts to the same thing, between 4:9) giving rise 
simultaneously tos five and a six-membered ring. It was expected 
that reduction of carbo-oxalyldiurea would yield a mixture of 


products (П) and (ILI), 


4:8 bridging NH - CO — NH 
> $= уо 
| CO—-NH-CO- NH 


| усо qm) 
CO—-NH-CO-NH 
CO- NH-C-NH.. 


пее A | Poo 
2:6bridging | CO-NH-C-NH 


(11) 


The hydrolysis of oxalyldiurethane to the corresponding diacid 
was first attempted in the expectation that the latter would be more 
reactive than the ester, and be condensible with urea in presence of 
phosphorus oxychloride, analogous to Grimaux’s synthesis of 
malonylurea. Alkalis and acids of various strengths under varying 

: conditions were tried as hydrolysing agents but іп every case there 
was complete disruption of the molecule into carbon dioxide, 


CO—NH-CO-NH 
N 
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ammonia and oxalic acid. Finally carbethoxy-oxamic , acid, 
CO,H’CO'NH CO,Et, 8H40 (ТУ) was isolated by using hydrochloric 
acid (1:6) and it is surprising that a compound of such ‘simple struc- 
ture is now obtained for the first time. 

The hydrolysis of oxalyldiurethane to oxalodicarbamic acid having 
failed, it became necessary to attempt the direct condensation of 
urea with oxalyldiurethane. 

From ап equimoleoul&r proportion of oxalyldiurethane and urea 
heated at 120-25° for eight hours it has been possible to 
isolate the expected carbo-oxalyldiurea (1), carbethoxyoxamide 
COgEt'NH-CO:CO'NHsg (V), dicarbamyloxalyldiurethane (УТ), an 
alkali-soluble white sandy powder (VU, mp. above 840°), and 
allophanic ester. Carbethoxyoxamide is evidently formed from oxalyl- 
diurethane by hydrolysis and кш during the process of 
isolation of the products. 

The compound believed to be dicarbamyloxalyldiurethane (m.p. 
280°) would be formed according to the following scheme: р 


COgEt — | | 
. со- fa NHg,—-00-NH, /. -](00—N(COS Rt) - CO—NH; 
Co NH NH, —-00- NE, CO — N(COgEit) - CO -NH, 
CO,Eb — | _ (V 


It does not respond to biuret test. On treatment with alkali ib 
yields ‘ammonia, alcohol and sodium oxalate. 

The infusible compound (VII) responds to the biuret test. and 
yields ammonia with boiling caustic alkali. Without any further 
experimental proof it is not possible’ at this stage to attribute to it 
any definite střucture. 

From one molecule of oxelyldiarethane and more than +two 
molecules of urea аф, в fusion temperature (185-40?) there has. been 
obtained oxslyldibiuret (УШ), besides other products not examined. 


CO—NH—CO,Et ' NH,—CO—NH, 
| + 
CO—NH—CO-—NH—CO—NH, 
: ` + ОН 
CO—NH—CO—NH—CO—NH, 


(VILI) / 
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In an attempt to prepare oxalyl diurea from oxalyldiurethane and 
ammonia we have obtained oxalylbiuret (VIIa) besides the expected 
diurea, which evidently loses & molecule of ammonia: 


CO-NH-CO,Et CO-NH-CO-NH,  CO-NH-OO 


нн, — NH3 NH 
- => — 
CO —NH.— COgEt CO—-NH-CO -NH, CO -NH -CO 


(VIIIa) 


А similar attempt to prepare the amide of hydantoic acid, 
NH4'CO'NH.CH4'CO'NH,, from urethaneacetic ester by the action 
of the ammonia resulted in the formation of a monoamide (m.p. 
105°), isomeric with hydantoic ester, NEH4'CO'NH OHg4COgEt 
(m.p. 185°), and having the probable constitution, COgEt’'NH'CHg, 
'CO'NH,. 

Direct bridge formation by reduction of the carbonyl groups in 
position 4:8 or 4:9 of carbo-oxalyldiurea has been tried without 
success by (a) exposing э mixture of the substance and aleohol in a 
sealed tube to sunlight (cf. Ber., 1900, 88, 2912), (b) sodium and 
moist ether (cf. Perkin and Kipping, J. Chem. Soc., 1891, 89, 
218) and (c) zine dust ‘and alcoholic potash (cf. Beschke, Annalen, 
1909, 369, 184), these being mild reduction processes for effecting 
internal pinacone condensation; more drastió methods of reduction 
have not been tried, being evidently unsuitable. A promising line 
of approach will be electrolytic reduction, which has been used 
successfully for a variety of substances related to the purines (cf. 
Tafel, Ber., 1901, 8X, 258, 1165, 8286; Ber., 1900, 88, 3888; Knorr 
and Klotz, Ber., 1886, 19, 8800; Wollers, Annalen, 1902, 824, 
279). 


Meanwhile, scarcity of the requisite materials turned our 
attention to the synthesis of carboethylenediurea (IX) which on 
dehydration should give desoxyurio acid (X) thus: 


7 ^ Б 


| усо — со 
NH 


CH,-NH, . BEtD4C'NH С nem rn 
8 


\ (IX) 
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хн—0н, 

Со C-NH y NH——C0—NH 

NH-C-N _ NOH- NH—00- NH 
(X) 


Tt is presumed that the methylene hydrogen in position 8 or 9 
would condense with the carbonyl oxygen in position 4 in preference 
to those in position 2 or 6, the product in either case being desoxy- 
uric acid. Removal of water from the oxygen of the carbonyl groups 
in position 2 or 6 and hydrogen from 8 or 9 is less likely, as the 
Jatter would result in the formation of the unstable three-and four- 
membered systems. By using boiling concentrated hydrochloric 
acid, a product supposed to be desoxyuric acid (X) and showing the 
characteristic properties of uric acid was obtained. This compound 
ів not known, though Tafel (Ber., 1901, 84, 250) suggested its forma- 
tion as a transient intermediate product during the electrolytic 
reduction of uric acid into purine. 

The third method planned for the synthesis of uric acid was 
analogous to the synthesis of desoxyuric acid by dehydration of 
carboglycollyldiurea. The problem, іп the first instance, is, there- 
fore, to synthesise glycollyldiurea (XI), which by the action of urea 
or phenyl carbonate could be converted to  carboglyeollyldiurea 


(X1]).— 


CO—-NH-CO-NH, urea fusion CO — NH—CO—- NH 
(XII) — H30 


(XI) (II or IIa) 


Eppiger (Beitr. Z. Chem. Physiol. и. Pathol., 1905, 6, 287) claims 
to have obtained glycollyldiurea (m.p. 158°) by the action of sulphu- 
ric acid and potassium cyanate upon the amide of hydantoic acid. 
The original paper being not available, the preparation was tried 
according to the method available in the abstract (Chem. Zentrl, 
1905, 1,.947) more than & dozen times under different conditions and 
with varying quantities of material, but only cyanuric acid could be 
isolated. 

The action of urea upon hydantoic ester or amide and of biuret 
upon urebhaneacetamide or ег ester was next tried in the 
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hope of obtaining glycollyldiurea from the first two reactions and 
earboglycollyldiurea from the third and the fourth. 


| +H,NCO'NH, ә | + EtOH 
COg4Et COO—NH—CO-—NHa 
(b) CH,—NH—CO—NH, CH,—NH—CO—NH, 
+HgN'CO'NH, —> | +NH, 
CO—NH, CO—NH—CO—NH, 
(с) CH34—NH—CO—NH, CH,—NH—CO—NHs yH 
+H,gN'CO'NH CONH, — | we 
CO,Et CO—NH—CO—NH—co 
N Hg 
CH4,—NH—O0—NH 
Nco 
CO—NH—CO——NH 
(XII) 
—HEtOH 


—> | i 
CO—NH, 4-H4N:CO-NH:CO-NH, CO—NH—CO—NH—CO 


The first reaction has yielded hydantoin and cyanuric acid 
together with & very small quantity of a crystalline yellow substance, 
m. p. 286°, agreeing in composition with the expected glycollyldiurea 
(XI) C,HgO&N, and a fourth substance glycollylbiuret (ХПІ) which 
appears to have been formed from glycollyldiurea by the loss of 
& molecule of ammonia. 


CH4—NH—CO—NH, -NH:; OH,—NH—CO 
——> 
NH 
CO—NH—CO—NH, O—NH — CO 


(КШ) 


The conversion of hydantoio ester and amide into hydantoin by 
the action of heat, acid and alkali is well known.” Hydantoin itself 
has now been found to react with urea to give & small yield of 
glycollyldiures in analogy with the formation of oxalyldiurea from 
parabanic acid and urea (Biltz | Topp, Ber., 1918, 46, 1404; 


ATTEMPTS TO SYNTHESISE URIO ACID 817 


Grimaux, Bull. Soc. chim., 1879, it, 89, 100; Bornwaler, Chem. 
Zentrl,, 1912, II, 910, 1789). 

The biuret reactions have not yielded the desired product; a 
yellow crystalline compound (m. p. above 840°, М, 835' 7195) has, 
however, been isolated besides cyanuric acid from the hydantoic 
ester reaction. 

These fusion reactions having proved поб very useful for the 
preparation of carboglycollyldiurea in the workable yield, attempts 
are being made to produce these substances from carbethoxyglycine 
chloride of Fischer and Otto (Ber., 1903, 36, 2107), as follows: 


CH,—NH—COgEt Urethane in pyridine CH,—NH—CO,Et urea+ 
> 
СОС! а 65 —NH—CO,Et №08 


CH4—NH—CO— NH 


CO — NH—00—NH 
(ХП) 


The action of urea with carbamidoacetic acid in presence of 
condensing agents like acetic anhydride, РОС!., fuming sulphuric 
acid, etc., is being investigated (cf. Ber., 1900, 88, 1880, 8034; 
1908, 44, 580; Annalen, 1904, 888, 864) and with hydantoic ester 
in presence of sodium  ethylate (cf. D. R. P. 165224, 198446, 
158558; Annalen, 1905, 840, 886) in the hope of producing satis- 
factory yield of glycollyldiurea. The result of these investigations 
will form the subject of a subsequent communication. 


EXPERIMENTAL, 


Improved method of preparing ozalyldiurethane.—Oxalyldiure- 
thane could not be obtained in & satisfactory yield by the previous 
methods (Hantzsch, Ber., 1804, 27, 1250; Priestley, J. Chem. Soc., 
1909, 95, 453; Diels, Ber., 1908, 86, 789). То sodium wire (7'5 в.) 
suspended in dry benzene (200 o.c.) was added dry powdered 
urethane (25 g.). The reaction commenced immediately and became 
quite vigorous after about three quarters of an hour when there was 
much frothing, The flask was cooled in ice-water and occasionally 
shaken. After 24 hours ethyl oxalate (48 р.) was added to the 
sodium urethane for 16 minutes with frequent shaking, the tempers- 
ture being not allowed to rise abdve 0° and after about an hour 
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the flask was allowed to attain the room temperature. The pasty 
mass, formed on the addition of 4N-sulphurie acid (200 e. c.), harden- 
ed to a light colourless solid on being cooled with ice. This was 
filtered at the pump, thoroughly washed with water to remove the 
last trace of sodium sulphate and then crystallised from about 
500 e. c.of 80% alcohol. On standing overnight in an ice-chamber, 
colourless glistening plates of oxalyldiurethane were deposited, 
m. p. 172°, yield 28 g. 

Hydrolysis of ozalyldiurethane.—Oxalyldiurethane (2 р.) was 
heated under reflux with potassium hydroxide solution (25 c. o.) of 
strengths №, 2N and 4N, on а water-bath for periods varying from 
4.8 hours. The clear solution after cooling was neutralised in each 
case with dilute hydrochloric acid and evaporated to dryness on the 
water bath. The absolute alcoholic extract of the colourless residue 
gave on concentration colourless crystals of oxalic acid, m.p. 98°, 
mixed m. p. remaining undepressed. 

Carbethozyozamic acid (IV).—Oxaldiurethane (2 g.) was heated 
under reflux with 60 c.c. of dilute hydrochloric acid (1:6) for 15 
hours on & water bath with occasional shaking and the solution 
evaporated to dryness. The colourless solid residue could 
after various attempts be freed from oxalic acid by repeatedly 
(8-9 times) washing with anhydrous methyl alcohol. A solution of 
the residual solid in the minimum quantity of hot water gave on 
standing for 8-4 hours at 0° colourless crystals, m. p. 188-84°, 
yield 1g. The substance is very soluble in water at’ ordinary 
temperature and in alcohol, but sparingly soluble in iee-cold water 
and in methyl alcohol. 16 is soluble in alkalis and in sodium 
carbonate. (Found: О, 27:62; H, 6:58; М, 6'28. O,H,O,N, 8H,O 
requires C, 27°90; Н, 6°11; М, 6°51 per cent). 

Ozalyldiurethane and urea.—An intimate mixture of dry oxalyl- 
diurethane (80 р.) and urea (12 р.) was heated at 190.25? for 8 
hours with occasional stirring when ammonia was evolved. The 
molten, pale yellow mass frothed gently and drops of liquid condensed 
on the sides of the flask. On cooling, the contents became a pale 
yellow, hard solid. which after being well powdered was digested 
repeatedly with 80 % alcohol. The alcoholic extract deposited on 
cooling а microorystalline solid (A), the mother liquor (B) being 
almost colourless. 

Allophanic ester.—(A) separated from 10 % -acetic acid in colour- 
Jess crystals, m. p. 188-89°, yield \6 В., identified by mixed melting 
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point and analysis as allophanie ester (Found: N, 21:28; Calo. М, 
21°2 per cent). 

. Carbethaxyoxamide (V).—The mother liquor from allophanic ester 
on being concentrated to about one quarter its bulk gave a crystall- 
ine deposit which after repeated crystallisation from water yielded 
colourless glistening plates, m.p. 155-56°, yield about 2g. The 
substance is fairly soluble in alcohol, sparingly so in water and in- 
soluble in ether, (Found: №, 17°64. C;H,04,Nq, requires М, 17:50 
per cent). 

Carbo-ozalyldiurea (I).—The acetic acid filtrate after the isolation 
of allophanic ester deposited on concentration lemon-yellow orystals, 
which after being washed with water was repeatedly crystallised 
from a small quantity of dilute acetic acid, m. p. above 800°, yield 
about 5 g. (Found: N, 28:00, 27:02. C,H,O,N, requires N, 28°01 
per cent). It responds to the biuret reaction and on hydrolysis with 
alkali is readily decomposed into ammonia, carbon dioxide and 
oxalic acid. 

The main portion of the reaction product was a yellow, 
nonorystalline solid left after alcohol extraction and was purified by 
precipitating it several times with concentrated hydrochloric acid 
from its solution in 2N-sodium hydroxide. The precipitation does 
not appear to be quantitative and takes place slowly on standing. 
The substance does not melt’ even at 880°. The purity of the 
substance was established by the identical analytical values obtained 
from different samples. (Found: N, 86°47, 85°69. C,H,,0;N, 
requires N, 85°89 per cent). 

Dicarbamylozalyldiurethane (VI),—The alcoholic filtrate (B) when 
evaporated on a water-bath gave a solid which on being crystallised 
from water gave as the first crop a small quantity of carbethoxy- 
oxamide (m. p. 155-56°); the subsequent crops on being crystallised 
together from water gave a white crystalline compound, m.p. 280°. 
(Found: ©, 8741; H, 4°78; М, 17°81. CQ9,H,,0g4N, requires 
С, 87°78; H, 4°40; М, 17°81 per cent). 

Oxalyldibiuret (VILI).—An intimate mixture of oxalylurethane 
(8 g., 1 mol.) and dry urea (b g., more than 2 mols.) was heated at 
185-40° for 84 hours. The powdered melt was extracted with boil- 
ing water and the filifate gave on cooling pale yellow crystals, which 
were boiled repeatedly with alcohol, finally with water and dried at 
110°, m.p. 185-86°, yield about 8 g. (Found: N, 82°68. 
CgH,OgN, requires №, 82°81 per pont). It gives the biuret test 
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and is decomposed by” boiling alkali into ammonia, carbon dioxide 
and oxalic acid. 


r 


Ozaldiurethane and ammonia: Formation of oxalyldiurea and 
ozalylbturet (VIII a).— The white precipitate separating out from a 
mixture of oxalyldiurethane (6 р.) and liquor ammonia (50 о.о.) on 
standing for 48 hours, was crystallised from a large quantity of 
water, m.p. above 850°, yield 2 в. (Found: М, 82:06. C,H,0,N, 
requires №, 82°18 per cent). Itis insoluble in ammonia and hence 
cannot be cyanuric acid (М, 82°68). 


The ammoniacal filtrate gave on evaporation a solid mixed with 
a pasty liquid from which on. alcohol treatment a solid separated. 
It crystallised from alcohol in shining white needles, m.p. 235°. 
(Found: N, 27704. C,H,;0,N, requires N, 26°75 per cent). The 
alcohol containing the paste gave on concentration and cooling & 
white crystalline solid, m.p. 140°, yield 0°08 g. 

Urethaneacetamide.—The clear solution obtained from a mixture 
of urethaneacetic ester (10 g.) and liquor ammonia (50 o. с.) after 
standing overnight’ gave on evaporation a white solid (m.p. 80-90°)- 
which after repeated crystallisation from aleohol-benzene melted 
sharply at 106°. (Found: М, 19°27, 19°18. "ESI requires 
N, 19:18 per cent). 

Hydantoio amide and phenyl carbonate: Formalin " glycollyl- 
biuret (XIIT).—An intimate mixture of hydantoic amide (5 g.) and 
phenylearbonate (18 g.) was heated at 170-180° for 46 minutes, 
developing the odour of phenol. The unchanged phenyl carbonate 
and phenol were removed by digesting successively swith boiling’ 
water and carbon tetrachloride. The residual black tarry mass after 
being washed with ether was crystallised from alcohol, m.p. 220- 21° 
(Found: N, 29°67. O,HgOgN, requires N, 29:87 per cent). 

Carbosthylenediurea (IX).—To carbodiurethane (50 g., 1 mol.) 
contained in a 260 с.с. conical flask was added ethylenediamine 
hydrate (20 g.) and after & few minutes, the carbodiurethane dissol- 
ved forming a light orange, viscous solution, which gradually became 
hot. After about 20 minutes в white solid separated. The contents 
of the flask were then heated under reflux on a, water-bath for about 
$ hour, 100.c.c. of water added and then filtered. The residue, arys- 
tallised from a large quantity of boiling water, m.p. 188-89°; yield 
95 g. It was identified as allophanic ester by mixed-m.p. and 
analysis. (Found: М, 21:84. G,H,O,Ng requires N, 21:2 per cent). 

|] " 
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77 The pale yellow filtrate on evaporation on the water-bath left a 
viscous, light-brown residue which on standing in a vacuum over 
sulphuric acid for about a fortnight congealed to a jelly-like mass. 
The latter on being refluxed with methyl alcohol left a white powder 
which crystallised from а large quantity- of water, m.p. 275-76°. 
The yield was only about 1'5 в. (Found: О, 84:46; Н, 601; М, 
81°67, CsHgOgN, requires О, 84:88; Н, 4°65; М, 82°55 рег cent). 
The experiment was repeated twice. The methyl alcohol used for 
refluxing the jelly-like solid deposited on standing some unchanged 
carbodiurethane. 

Dehydration of carboethylenediurea: Formation of desoxyuric 
acid (?) (X).—Carboethylenediurea (8 g.) was heated with concen- 
trated hydrochloric acid (20 e.c.) under reflux on a water-bath for 
about 2 hours:- The white solid obtained from the solution on eva- 
poration was dissolved in the minimum quantity of 2N-potassium 
hydroxide. The filtered solution after -acidification with concen- 
trated hydrochloric acid and on being allowed to stand deposited в 
colourless solid, yield -about -0°6 g. (Found: C, 80°25; Н, 421; 
М, 86:05. C,H,O,N, requires C, 88°06; Н, 8°89; N, 86°36 per 
cent). It жава white sandy powder, soluble in alkalis and in con- 
centrated sulphuric acid. It did not-melt even at 840°. On heating 
the substance over a free flame it did not fuse, but gave urea as 
one of the decomposition products. On- attempting the murexide 
reaction, а pale yellow to orange-red coloration resulted. This is only 
to be expected since murexide, formed from uric acid, contains the 
strong chromophore carbonyl, which in the саве of the analogous 
compounds obtained from desoxyuric acid is replaced by the 
methylene group. It may be pointed out that the methyluric acids 
give the murexide reaction во long as the -CO- group referred to 
above is intact and purone does not give any murexide test at all. 

Hydantoic ester and urea: Isolation of glycollyldiurea (ХТ) and 
glycollylbiuret (XII).—Hydantoic ester was prepared from glycine 
ester hydrochloride and potassium cyanate according to the method 
of Haber (Ber., 1900, 88, 8418). An intimate nfiixture of hydantoic 
ester (10 р.) and urea (6 с.) was heated in an oil bath at 180-85? 
for 6 hours when evolution of ammonia ceased. A hot water extract 
of the powdered melt gave on cooling в yellowish solid from which 
hot aleohol extracted a dull yellow substance leaving cyanuric acid 
undissolved. The yellowish solid on being crystallised twice from 
the minimum quantity of water рав obtained in yellowish plates, 
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m.p. 286°, yield 0'2 g. (Found: C, 29:0; H, 4°81; М, 35°81. 
'C,Hg0gN, requires О, 800 ; Н, 5°00 ; М, 85°00 per cent). 

The filtrate from glycollyldiurea was concentrated to one quarter 
‘its bulk from which on cooling there separated a white granular 
solid, m.p, 215° after crystallisation from -alcohol and identified as 
‘-hydantoin by mixed m.p., yield about 8°5 р. 

The original filtrate from hydantoin and the mother liquor ob- 
tained during its crystallisation gave а solid on evaporation to dry- 
ness which on being repeatedly crystallised from water gave two 
substances melting respectively at 220-21° and 182°, the latter being 
urea while t^e former (yield 0°2g.) gave the following result on 
analysis. (Found: М, 29°81. O,H,Og4Ng requires N, 20°37 per. 
cent). 

Hydantoic amide and urea: Isolation of glycollyldiurea.—The. 
experimental procedure was the same as in the foregoing experiment 
excepting that hydantoic amide required a longer period (25 hours) 
of heating. Thetarry reaction product was extracted with boiling 
water, the solution evaporated to dryness and the residue digested 
with 16 c.c. of alcohol. The filtered alcoholic solution: gave on 
cooling about 0'2 в. of a yellow substance which was purified by 
erystallising twice from water, m.p. 286°, undepressed on admixture 
with the product from the foregoing experiment. 

Hydantoin and ured: Isolation of glycollyldiurea.—From the melt 
obtained by heating an intimate mixture of hydantoin (5 р.) ard 
urea (4 g.) only 0°8 g. of the yellow crystalline substance (m.p. 286°) 
could be obtained. 
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The Condensation of Aldehydes with Malonic Acid 
in Presence of Organic Bases. Part I. 
In Presence of Pyridine alone. 


By P. N. Кошин, К. C. Panpya AND У. В. SURANGE. 


The condensation of aldehydes with malonic acid has been 
extensively studied using such condensing agents as alcoholic 
ammonia, pimary and secondary amines, particularly piperidine 
(Knoevenagel, Ber., 1898, 81, 2596 et seq.,), pyridine (Verley, Bull. 
Soc. chim., 1899, 24, 148; Doebner, Ber., 1900, 88, 2140; 1901, 
84, 58; 1902, 86, 1186, 2187; Staudinger, Bull. Soc. Chim., 1927, 
ži, 440), pyridine. with a trace of piperidine (Haworth, Perkin and 
В шап, J. Che m., Koc., 1924, 126, 1698; Dutt, J. Indian Chem. Koc., 
1925, 1, 297), and other secondary and tertiary bases (Dalal and Dutt, 
ibid., 1982, 9, 809). 

In this paper various aldehydes, particularly the aromatic 
hydroxyaldehydes, which gave poor or no yield with pyridine alone, 
have been condensed with malonic acid and a trace of pyridine. 

The condensation of salicylaldehyde with malonic acid could be 
expected to give three possible products: o-coumaric acid (1), 
coumarin carboxylic acid (II) and coumarin (ПТ). 


H Q——CO 
C,H, | бен, | 
JH. :OH-COOH H-C:OCOOH 
(1) 
-———QOO 
CoH, | 
H-—CH 
(ILI) 


It has been found that the condensation proceeds only when & 
trace of pyridine is present (vide Experimental) and gives 51% of 
coumarin carboxylic acid (II), m.p. 187-89? as was obtained by other 
methods (Perkin, J. Chem Soc., 1877, 82, 889; Stuart, ibid., 1886, 
49,866 and Knoevenagel, ibid., 2685, 2398) and not o-coumaric 
acid (I) m.p. 200°, as reported byw Dutt (loc. cit.). 


( 
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The other aldehydes that could be condensed in the ваше way 
are mentioned in the Experimental part. 


EXPERIMENTAL. 
(К. О. Panpya AND V. R. SURANGE). 


In the first experiments pure dried malonic acid (8 в.) жав con- 
densed with molecular proportions of aldehyde and of the carefully 
purified pyridine (8 с.с.), by heating on a boiling water-bath for 
about 4 hours. The product on cooling was treated with sodium 
. carbonate solution and steam-distilled, the residue acidified with 
dilute hydrochloric acid and the precipitated acid purified by 
ery stallisation. 


TABLE I. 
Aldehyde condensed. Acid obtained. Yield. ^ Duration of heating. 
Benzaldehyde Cinnamic acid . 88% 4 hrs. 
o-Nitrobenzaldehyde o-Nitrocinnamio acid 96 2 | 
m- T » т... „ n 98 2 
Б » Pon» » ~ 90 2 
Salisylaldehyde None 0 18 
Vanillin EC 0 6 


(Р. М. Korn AND К. C, PANDYA). 


Condensation of salicylaldehyde with malonio .acid: Formation of 
coumarin carborylic acid,—After various trial experiments using 
different quantities of pyridine at varying temperatures and changing 
the duration of heating, the following condition gave the maximum 
yield of the condensation product. 

Salicylaldehyde (6 в.) and malonic acid (5 g.) were heated to- 
gether for 4 hours on the water-bath. Pyridine (0°5 с.о.) was then 
added, the flask cooled, and the whole left ab 15° for 6 days. The 
flask was then again warmed at 60-66° for 4-5 hours. The acid then 
separated in the usual way, m.p. 187-89°. (Hound: C, 62°79: 
Н, 3:81. O,,H40, requires C, 68°15; Н, 8'46 per cent). The 
silver salt gave an equivalent weight 190°8, while. Dutt’s acid (I) 
. requires 164 and Со НО. requires 190. The melting point never rose 
above 189° and it was depressed to 160- 65° by admixture with an 
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authentic specimen of o-coumaric acid (I. Оп heating it gave the 
smell of coumarin and not of phenol and its barium salt was 
insoluble. is T ow 

Ferulic acid.—Vanillin (8-1 g.), malonie acid (2'1 в.) and pyridine 
(0:8 в.в.} were mixed and heated on а water-bath for 4 hours. On 
cooling the solid was powdered, shaken with chloroform or treated 
with sodium carbonate solution and the clear solution acidified with 
hydrochloric acid. On recrystallisation from water, it melted at 
169°, and with solutions of ferric chloride, silver nitrate, lead 
acetate and Fehling’s solution respectively, gave the characteristic 
reactions of ferulic acid, yield 4 в. (57%). 

.p-Hydroxycinnamic acid (p-coumaric acid).—p-Hydroxybenzalde- 
hyde (2'4 g.), malonic acid (2 р.) and pyridine (0'8 с.с.) were heated 
in the usual way for 5 hours. From the liquid product, p-coumaric 
acid, m. р. 207°, was obtained in 88% yield. 

m-Nitrocinnamic acid.—m-Nitrobenzaldehyde (8 g.), malonie acid 
(2 р.) and pyridine (0:2-0:8 в.о.) were mixed and heated for 4 hours, 
within half an hour a solid was formed and the acid melting at 
198° came out in 92% yield. 

p-Methylcinnamic acid was obtained from  p-tolualdehyde 
(2°8 g.), malonic acid (2 g.) and pyridine (0°2-0'3 с.о.). It melted at 
198°, yield 84%. 

Cinnamylidenemalonic acid and cinnamylideneacetic acid.— 
(а) Cinnamic aldehyde (8 g.), malonie acid (9-4 g.) and pyridine 
(8 с.о.) were heated on э water-bath for 1 hour. The solid was 
dissolved in sodium carbonate solution, the solution acidified when 
cinnamylidenemalonic acid, m.p. 208? (decomp.) was obtained, yield 
90%. 

(b) In another experiment the heating was continued for 18 hours 
and cinnamylideneacetic acid, m.p. 165°, was obtained, yield 
50%. 

B-Benaylcrotonic acid, prepared from Һуйгосіппатіо aldehyde 
(2°6 g.), malonie acid (2 р.) and pyridine (0°2-0°8 с.о.) by heating for 
4 hours, melted at 104°, yield 29%. 

p-Methozycinnamic acid.—Anisaldehyde (8'4 g.), malonic acid 
(2'6 g.) and pyridine (0'2-0:8 e.c.) were heated for 4 hours. It 
melted at 172°, yield 78%. 

Piperonylacrylic acid.—Piperonal (8 g.j, malonio acid (2 g.), 
pyridine (0°2-0°3 с.о.) were heated for 4 hours. Ip melted at 240° 
(decomp.), yield 100%. , 


{ 


896 - "^  KURIEN, PANDYA AND SURANGE 


Furfurylaorylio acid.—Freshly distilled furfural (2'8 g.), malonic 
acid (2°6 р.) and pyridine (0°2-0°8 o.c.) were heated on a water-bath, 
the mass immediately turned brown and began to solidify after 
8 hours’ heating. Heating was continued for 2 hours more, 
the product separated and purified by crystallisation from hot 
water, m. p. 186°, yield 78%. 

Trichlorocrotonic acid.—Chloral (2:88 g.), malonic acid (2 g.), 
pyridine (0'8 о.о) were heated on а water-bath at 85° for 5 hours. 
On cooling a solid separated, which on purification melted at 119°, 
yield 28%. | 
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8-Amino- and 3-Hydroxy-8-naphthapyrones. 


By B. B. Оку AND А. К. АА "Ea E. 


> — 


In в previous рарег. (Реу and Lakshminarayanan, J. Indian Chem. 
Koc., 1984, 11, 878) ib has been shown that the' action of alkali од 
оло methyl -B-naphthapyrone £ gives rise to a product of в пе! 
type which is believed to’be 2-hydroxynaphthyl-1- -a-propionio aldehydo, 
in addition to the known £- naphthafuran carboxylio acid. To 
explain the formatión of this extraordinary compound the suggestion 
was made that ah intermediate 8-hydroxy-8-naphthapyrone was 
first fotmed and that the cis acid deriyed from, the latter by the 
| opening. of the pyrone'ring lost ‚со; and Бате the aldehyde, thus: 


= a u^ MeOC-CHOH 
: Meo: OH 


£t 
{ 
чё 


. - O-Br LA C'OH 
MP №04 co 





1 
L ^ ' 
d ' 4 - > - 4 - 2 — 4 ^ MEL 


Ав ib seemed that our theory of the meohanism 'of this reaction 
could be tested by preparing, if possible, 8-hydroxy- B-naphthapyrones 
and studying their behaviour with alkalis, we undertook to osrry out 
experiments in this directién, aiid the resulfs of some of these are 
described in the present communication: 18 may- be stated ‘at 
the outset that although Зе synthesis of the unsubstituted 8. hydro 
B-naphthapyrone has now been accomplished, the treatment = 
alkali has not produced the desired, aldehyde. We cannot definitely 
say, however, that this failure to obtain $ the aldehyde from 8-hydroxy- 
B-naphbhspyrone invalidates our original hypothesis, since the 
methyl group in position 4 in the other ‘naphthapyrone may have 

exercised an important influence, hob. ‚Чай into consideration in 


the present case, in determining the aourse oj the; change. 


EN prt 
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Erlenmeyer and Stadlin (Annalen, 1904, 387, 288) have studied 
the reaction between salicylaldehyde and hippuric. acid and shown 
that a mixture of azlactone D and 8- benzoylamiriocoumarin (IT) 
are formed thus: ` ` 





2 2 же, Оле И 
‘CO'Ph Ào40 
am —> NH:CO-Ph 
ОН». AcONs N 
| | pU 
COOH 
| у COOH 
О OAc * 
СО А 
М№=СРЬ . 
VN И 
ago B CO'Ph ĠH =C 
C Р 
"P с СО ~ 
(11) (I) 


We have investigated the same reaction with B-naphthol aldehyde 
and obtained 8-benzoylamino-f-naphthspyrone as the sole product 
of the reaction unmixed with any azlactone. The debenzoylation 
of this compound to the free amine was accomplished with a ОЕ 
of HBr and giacial acetic acid. 

The amine formed a very sparingly soluble hydrochloride -and an 
acetyl and a benzoyl derivative. The latter was identified with the 
product obtained directly from  f-naphtholaldehyde and hippuric 
acid, while the former has been synthesised from f-naphtholalde- 
hyde and glycine by a method similar to the one used by Linch 
(J. Chem. Soo., 1918, 101, 1766) for the preparation of 8-acetylamino- 
coumarin thus: | 





оно ^ OH,'NHg Аң ЖН-Ао 
| + —> сн=с< 
- _он COOH AcONa COOH 
OAc 
VY 


.C'NH-Ao 
HO eu / | 
y 
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The action of nitrous acid on the amine (II) leads to the forma: 
tion of the desired 8-hydroxy-B-naphthapyrone (IV), the latter being 
also prepared in good yield through an unstable intermediate cis acid 
(V) by boiling the amine with alkali till the evolution of NH, had 
ceased : 





т) | 

HC=0 

| / Non 
N 

(V) 


All attempts to convert the cis acid into the expected 2-hydroxy- 
naphthyl acetaldehyde by decarboxylation were, however, fruitless. 

We have compared the properties of 8-amino-f-naphtliapyrone 
with those of 8-aminocoumarin prepared by Linch (loc. cit.) 
by the indirect. method of subjecting 38-acetylooumarin oxime 
(Knoevenagel, Ber., 1889, 81, 782) to the Beckmann change. 

Linch assumed that 8-aminocoumarin existed mainly in the 
tautomerised imino form on the ground that it yielded а nitroso- 
and a benzylidene derivative. 8-Amino-8-naphthapyrone behaved, 
however, in the normal manner and we have no grounds for 
assuming that the compound shows a tendency to tautomerise into 
the imino-form. 


EXPERIMENTAL 


8-Bensoylamino-B-naphthapyrone.—AÀn intimate mixture of 

hippuric acid (6 g.), @-naphthol aldehyde (5'9 g.), anhydrous sodium 

acetate (2:9 g.) and acetic anhydride (12 g.): was heated to 
$ 
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100°, ..ѓог $ hour and” the:':contents which. changed to а Бага 
orange mass on cooling, were broken-up, treated with water. 
and filtered. The insoluble matter was washed 6 times with. 
25. c. c. of. ether when. it. became colourless and melted - at. 
220-20? (5'2 g.) It was practically insoluble in alcohol and dis- 
solved sparingly in glacial acetio acid from which it orystollised 
in silky needles, m.p. 180°, yield 4 g. The product wa8 insoluble 
in cold acids or alkalis but on heating with the latter; it dissolved 
slowly with the evolution of ammonia. A solution of the substance 
in strong sulphuric acid exhibited a fine blue fluorescence, 
(Found: О, 76:11 ; Н, 8°04; М, 4:84. Cop His 0. abc d 76: 19; 
H,4:18; М, 4:44 per 'cent), . 

The ether washings from the above were dried, over Е CL, the 
ether evaporated and the orange red oil distilled under reduced 
pressure. Two fractions were collected: (А), b.p. 182-140?/10 mm. 
which passed over as в light yellow oil and partly solidified and 
(В) b.p. 140-160°/10 mm. a colourless oil of a peculiar’ odour-which 
gradually solidified to в crystalline mass. ` From (А) by fractional 
crystallisation from ether and from methanol, colourless. needles 
(m.p. 120°) were finally obtained. These were identified as 
B-naphthapyrone bya mixed m.p. determination. On working up 
the mother liquor, & considerable amount of a second substance, 
m.p. 85°, were obtained which was identified as acetoxy-8-naphthol 
aldehyde... The crystals separating from. fraction (B) crystallised 
from acetic acid. in silky needles, m.p. 280° and were proved to 
be identical. with 3-benzoylamino-f-naphthapyrone, yield 0*8 в. 
А further quantity (0'8 g.) was obtained by working up. the coloured 
residue in the distilling flask. : 


. trans a-Bensoylamino-B :2-hydroxynaphthylacrylic TTE 
| P COOH | 


CH=C’NH'CO’Ph: 


OH — dE 1 
A. s 
On acidifying the cold Alkaline ` solution obtained by heating 
:benzoylamino--napbthapyrone with 2N-alkali в reddish oil. which 
gradually solidified separated out. It dissolved completely in cold 
cgodium: carbonate but was  replecipitated эв an oil which solidified 
t 
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33- before and; then. melted rather indefinitely between 160-90°. 
№ was purified by several crystallisations from dilute methanol as 
neédlés, m.p. 206? (decomp.). The coumarin could not be recovered 
from the product- after melting, but the acid -was converted into 
the coumarin both by ultraviolet..illumination and by means of con- 
centrated sulphuric ‘acid. The acid is .believed, on these grounds, 
to-haye the trans structure (cf. Dey and Lakshminarayanan, loc. cit.). 


©, B-Atmino-B-naphthapyrone. — А solution of the benzoyl compound 
(2 g.) in glacial acetic acid (60 с.с) was mixed with 20 в.в. of HBr 
(d 1°88) and refluxed on  sand-bath 12 hours. Most of the 
acetic acid was: distilled off, the solution neutralised with. ЭМ. 
ammonia and the separating solid crystallised from alcohol as 
clusters of needles of a cream colour, m.p. 169°, yield 0°6 g. 
The same compound was obtained in в much poorer yield by 
dissolving the benzoyl derivative in ice-cold sulphuric acid and pouring 
into water after 12 hours and basifying with ammonia. The amine 
dissolved slowly in dilute mineral acids and gave off ammonia on 
boiling with alkali. (Found: O, 78:7; Н, 425; М, 6°78. C,,H,O.N 
requires С, 78:0; H, 4°27; М, 6°68 per cent). 

The hydrochloride was best prepared by passing HCl gas into a 
solution ofthe base in dry alcohol as-colourless rectangular’ plates, 
m.p. 201°, г practically insoluble in. water. (Found: Cl, 140. 
Crs Higa NON requires Cl, 14'8 per genie "The sulphate crystallised 
‘in sheaves of needles. А | 


| “The acetyl derivative, prepared by acetylating in presence of 
a drop of pyridine, orystallises from aloohol in long needles, m.p. 
‘945°, А dilute alcoholic solution shows a beautiful blue fluo- 
rescence. (Found: М, 5°67. C,,H,,0,N requires N, 558 per 
cent). | 

The bensoyl derivative, prepared in the usual way, orystallises 
'from acetic acid in needles, m.p. 229°, not depressed by admixture 
with the product, synthesised from hippurio ш and f-naphthol 
aldehyde, ` 

8-Acetylamíino- ВОВА ien ТИР of B-naphthol aldehyde 
(44 g.),- glycine (2g.), fused sodium. scetate (3'2 g.) and acetic 
anhydride (10 gs) was heated in an‘oil-bath at' 140° for 5 hours. The 
dark oil which showed no signs of solidification on leaving in the 
 іое-сһевё for 24 hours was washed repeatedly with N/10-alkali and 
with 50% alcohol when it changed into а semi-solid mass. This 
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was dried and rubbed frequently with ether when it became granular, 
the ether washings being continued till no appreciable colour was 
removed. The resulting brownish solid was washed with hot 
alcohol and then crystallised twice from acetic acid (charcoal) as 
tosettes ‘of cream colour needles, m.p. 245°, yield 07g. It was 
identified as acetylamino--naphthapyrone by a mixed m.p. deter- 
mination. On heating with HCl (1:2) for a few minutes and 
basifying with ammonia, the amino-f-naphthapyrone (m.p. ш, 
was thrown down in & á crystalline ‘condition. 


Action of alkali on 3-атіпо-В-парћћарутопв : cis a- Hydrozy-B :2- 
hydrozynaphthylacrylio acid. 


i 
CH= с. соон. 


С 
The amine (1 д.) was gently boiled with N-alkali (8 0.0.) till NH, 
ceased to evolve.: The solution which assumed a golden yellow 
coloür was cooled in ібе, neutralised with HCl and the sticky mass, 
which became granular on standing, purified by dissolving in sodium 
-carbonate and reprecipitation. It crystallised from hot water іп 
plates which sintered at 120° and melted completely at 186° 
(decomp.).. The residue after melting solidified. It was then 
found to melt at 215-20". (Found: M.W., 226. C, 4H 90, requires 
M.W., 980). | | 
8-Нуатогу- B-naphthapyrone. Ihe acid obtained by heating the 
amino- -B-naphthapyrone with alkali was heated at 160° for 10 minutes; 
the acid melted toa colourless liquid with the evolution of steam 
and resolidified. It was crystallised from dilute methanol as 
greenish needles, m.p., 280°, soluble in alkali but insoluble in 
"earbonate. It gave an inky colour ' with neutral ferric oliloride. 
(Found: C, 78702; H, 8780. С1з»НзОз requires О, 78-58; Н, 8°77 
per cent). 
8-Acetoxy-B-naphthapyrone crystallised from alcohol in miéaceous 


plates, m.p. 162°. The crystals themselves exhibited a light blue 
fluorescence and the solution iñ -alcohol fluoresced powerfully. 
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(Found: С, 70'8; H,41. O,,H,,0, requires О, 709; Н, 4'0 
рег cent), The benzoyl derivative melted at 172°. 

Action of nitrous acid on amino-B-naphthapyronc.—To в solution 
of the amine (0°8 р.) in methanol containing 4N-HCl (4 c.c) а 
Solution of sodium nitrite (0'5 р.) was run in drop by drop. The 
green precipitate was filtered and treated with very dilute alkali 
when a portion of it dissolved to a deep red solution. The insoluble 
residue was found to be unchanged amine. The alkaline solution 
on acidification precipitated brown solid which arystallised from 
alcohol (charcoal) in needles, m.p. 228°, not lowered by admixture 
with 8-hydroxynaphthapyrone, m.p. 280°, 
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Studies in the Cotarnine Series. Part I. Action 
of Phenyl isoCyanate and Phenyl 
isoT hiocyanate on Cotarnine. 


Ву B. B. Dzv Амр (Miss) P. Lagguui KANTAM. 


The commonly accepted formule for cotarnine admit of three 
tautomeric types, vis., the aldehyde-imine (I), the carbinol (II), and 
the ammonium hydroxide (ТЇЇ). 


aan Хов, 
Ha" МДА a a NH'Me *—7 


vn CH'OH p CHO 
(II) (I) 
CH, 
O CH, 
CHL 

О NMe'OH 
OMe CH 
ш) 


Roser (Annalen, 1888, 249, 150; 1889, 264, 884) assigned to the 
free base formula (I) and to its hydrochloride the formula of an 
ammonium chloride derived from (ПТ. That cotarnine was a 
secondary base as implied in structure (I) was inferred from its reac- 
tion with methyl iodide, two methyl groups being taken up in the 
formation of the quaternary iodide. Evidence of the presence of a 
free aldehyde group was derived from в study of the action of hy- 
droxylamine both on the free base and on its benzoyl derivative. 
The easy oxidation to, cotarnine of hydrocotarnine which, from its 
chemical behaviour, cannot have any other structure than (IV), 
is, however, admittedly difficult of explanation on the basis of Roser’s 
formula, although the reverse change, the reduction of cotarnine 
to hydrocotarnine, might be readily accounted Гот. 


7 i 
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CH, 
О Hg oxidation 
CH, | == (I 
О N'Me reduction 
be OMe CH, р A t * Б 
Hydrocotarnine 
(IV) 


The formula failed also to explain the relationship to cotarnine 
of certain of its derivatives such as the tarconines and Decker (J. pr. 
Chem., 1898, АТ, 222) indicated other difficulties in. the way of 
acceptance of Roser’s open-chain structure and proposed to substitute 
for it the earbinol formula (IT). This view met with general approval 
and Hantzsch and Kalb (Ber., 1899, 82, 8109) who investigated 
the conductivities of solutions of cotarnine cyanide and cotarnine 
hydrochloride, suggested that such, solutions consisted of a mixture 
in equilibrium probably of Decker’s carbinol form and the ammonium 
hydroxide form. 

The spectroscopic investigations (Dobbie, Lauder and Tinkler, J. 
Chem. Вос., 1908, 88, 598) have favoured the conclusion that cotarnine 
has normally the carbinol formula but changes rapidly in aqueous 
or alcoholic solution into the ammonium hydroxide, yielding ultimate- 
ly an equilibrium mixture of the two. Hantzch and Kalb (loc. cit.) 
represent cotarnine cyanide as a derivative of the carbinol form (V). 

Freund and Becker (Ber., 1908, 86, 1521) who obtained 
noreobarnine by the decomposition of cotarnine anilmethiodide, 
considered the reaction to be explained best by assuming 
the aldehyde constitution for cotarnine, while Liebermann, Kropf 
and Glawe (Ber., 1904, 87, 211, 2788) have suggested two 
alternative structures (VI and VII), derived from either the 
aldehydic or carbinol forms, for the products obtained by 
condensing cotarnine with ketones and ketonic bodies containing - the 
-CH 4"CO- grouping, thus :— | 


CH, CH, 
Cyn. /0 CH, 
он,» О gm CHa NH Me 
OMe CH-CN - OMe CH. 
E OH-CO'R 


m. (s s 48D 


STUDIES IN THE COTARNINR SERIES 837. 


Hope and Robinson (J. Chem. Soc., 1911, 99, 1168; 2114) and 
Robinson апа Robinson (ibid., 1918, 108, 372; 1914, 108, 1456) who have 
‘studied the reaction between cotarnine and nitromethane and also be- 
tween cotarnine and aromatic nitro bodies containing а reactive methy- 
lene group, have assigned the closed ring formule to the products and 
expressed the view that cotarnine existed normally in tho aldehydic 
form which changed during the reaction into the carbinol form, & 


‘molecule of water being subsequently eliminated from the latter, 
‘thus: 


CH, 


| OHy NO; | фи 
Шш 7? K| ds 
ОМе pu 
CH,‘NO, 


(VILI) 


s 


It seems clear, therefore, that the evidence on which the present 
conflicting views about the structure of cotarnine are based is far from 
satisfactory and the investigation of such reactions as might be 
interpreted without the least ambiguity in support of & definite cons- 
titution for this base would be desirable. In the present communica- 
tion we have examined very fully the reactions of cotarnine with 
phenyl isocyanate and phenyl isothiocyanate and the results of our 
investigation have furnished a convincing proof of the aldehydic 
structure for this base. | | 

The reactions ‘which occur at the ordinary temperature and with 
quantitative yields of products may be expected to give rise to either 
a urea ог a urethane derivative, according ав we accept structures 
(I) or (II) for cotarnine, thus :— 
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OH, OH, 
CH, of “on, 
она) — ОН 
Е N'MeCO:NH:Ph CHa СЕТИ 
OMe CHO | ÓMeOH-'0'CO-NH-Ph 
(TX) i (X) 


That the urea constitution (IX) is the only one that is tenable 
would be obvious from the following considerations: (7 it is complete- 
ly insoluble in dilute acids which could hardly have been the case 
with в compound of the urethane structure in which the basic -N'Me- 
group remains free; (ii) it reacts smoothly with hydroxylamine to form 
а crystalline monoxime showing the presence of a free aldehyde group. 
The oxime is quite stable, dissolves unchanged in cold alkalis and is 
readily acetylated and benzoylated giving monoseyl derivatives which 
are insoluble in alkali. Moreover, the oxime is found to react again 
with phenyl isocyanate to form the urethanourea derivative (XIII), 
the oximinohydroxyl group being evidently involved in the reaction. 
The same compound has been synthesised from cotarnine oxime and 
phenyl isocyanate, the various reactions veing explained by the 
scheme given below :— i 





^ CH, 
— О OH, 
CH, | 
кже CO-NHPh N'Me'OO-NH:Ph 
NS 
MXOH-NOH . |. ÓMeCH-N'OAc 
(XII). 
<, 
% | 
CH, 
5 он, 
/ PhNOO 
OE. NH Me FINO CHA 'Me'CO-NH:Ph 


OMe OH N:OH A OH.— N'O'CO-NH-Ph 
(Кш) 
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Fresh evidence of the existence of a free aldehyde group in cotarno- 
methylphenylurea is derived from its reaction with the toluidines 
(o-, m= and p-) which condense, on gently warming the components, 
to crystalline toluidils of the following type :— 


Adit 
Aa N'Me'CO-NH-Ph 
A CH-2N'O,H,'Me 

(XIV) 


The curious observation was made that when the same reaction 
was carried out with aniline, carbanilide was the only product that 
could be isolated. The reaction presumably takes place according 
to the following scheme: 


сн, 


CH, ` 
dH, 
Ph'NH4 OH ; 
(IX) —— 53 N'Me'CO'NH-.Ph 
OMe OH - N:Ph 


4 HgO 


(Cotarnine-anil) 


The series of reactions mentioned above has also been carried out 
with phenyl isothiocyanate, the resulting cotarnomethylphenylthiourea 
and its derivatives being similar in all respecte to the simple ureas. 

Should cotgtnine have the carbinol formula it is difficult to 
conceive of any valid reason why the alcoholic group should not have 
reacted immediately to produce non-aldehydic urethanes differing 
fundamentally in their chemical behaviour from the aldehydic ureas 
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which Wére actually obtained. 15 seems to us that the reactions of 
cotarnine with phenyl isocyanate and phenyl isothiocyanate do not 
admit of any other interpretations than those given above and they 
constitute, therefore, fresh and clear evidence in favour of the alde- 
hyde-imine structure for this base. _. 


EXPERIMENTAL. | 


^ 


Cotarnomethylphenylurea (UX).—Cotarnine (2 g.) which has been 
freshly prepared, dried and powdered was suspended in dry benzene 
(12 c.c.) and phenyl isocyanate (2 с. с.) quickly added and the mixture 
shaken. The mixture momentarily became olear and immediate- 
Лу after crystals of the new product began to separate. These were 
collected, washed thrice with small quantities of cold benzene and 
‘dried in the desiccator. ТЬ forms colourless rectangular “prisms 
melting sharply at 187°, yield 24 в. It ‘is perfectly insoluble in 
dilute hydrochloric acid, cold or warm. (Found: О, 68:6; Н, 5:6 ; 
N, 7'96. Oy 9Ho 90,;Nq requires C, 64:0; Н, 56; N, 7°86 per 
cent), 


The ozime (XI).—The powdered urea (1'0g.) was suspended in 
dry alcohol (10 с. c.), warmed to 50° and quickly treated with a 
solution of hydroxylamine hydrochloride (0°6 g.) and crystallised 
sodium acetate (1°6 g.) in 4 o. с. water. On stirring for a few minutes 
crystals of the oxime separated in glistening colourless plates, m. p. 
152? (decomp.), yieldi - 1'7 в. It dissolves slowly in cold caustic 
soda with a pale yellow colour and is reprecipitated unchanged on the 
addition of acids or passing СО» into the solution. (Found: С, 60 9; 
Н, 548; N, 1114. 019910513 .requires О, 6146; Н, 5°66 ; 
N, 11:82 per cent). | LR 2 


Action of phenyl isocyanate on the oxime of cotarnomethylphenyl- 
urea: Phenylurethane of cotarnomothylphenylurea oxime (XIID.— 
The oxime (0°6 g.) was suspended in dry benzene (10 c. o.), phenyl 
isocyanate (lo. o.) added and the mixture warmed on the water-bath 
to about 50°, when the flask was soon filled with crystals. Crystalli- 
sation from hot alcohol gave colourless plates, m. р. 151°. The same 
compound was obtained in almost theoretical yield when cotarnine 
‘oxime, suspended in dry benzene, was treated with phenylisocyanate, 
m. p. 151°, proved to be identical with the previous compound by a 

mixed m. p. (Found: С, 68:2 ; Н, 5/2; М, 11°62. Cao Hs Ос Ма 
' requires О, 087 ; Н, 5:8 ; М, 11°48 per Б, 


b d 
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- Acetylation of -the ozimé- of cotarnomethylphenylurea (XII).— 
The oxime, {0'6 g.) was treated with 10 drops of freshly distilled acetic 
anhydride ‘and gently warmed on һе water-bath until there was а 
clear yellow solution: The cold solution was -rubbed with a few drops 
of 2N-alkali and the separating granular solid washed with water and 
crystallised from dilute alcohol as colourless prismatic needles, m. p. 
189°." (Found: O, 61:2 ; Н, 5'5 ; М, 1016. Og,H,,0,N, requires 
С, 61:0 ; Н, 557 ; М, 10°17 per cent). 

Bensoylation of the омте of cotarnomethylphenylurea,—The 
oxime (1g.) was dissolved in excess of 2N-alkali and the solution 
rubbed.vigorously in а mortar with 1 o. в. of benzoyl chloride until the 
oil completely solidified. After washing with alkali and orystallising 
from alcohol it was obtained in long colourless plates, m. p. 142°. 
(Found: М, 8:88. Cg,Hg,O,Ng requires М, 8:82 per cent.). 


- Condensation of Cotarnomethylphenylurea with Aromatic Amines. 


(a) Aniline.—The urea (1 в.) was mixed with freshly distilled aniline 
(2 c. o.)-and stirred until it dissolved. On keeping the solution over- 
night at room temperature needle-shaped crystals were found to be 
deposited which were identified as carbanilide (m. p. 288°) by m. р. 
and mixed m. p. determination. 


(b) p-Toluidine. Molecular quantities were distin in 6, mini- 
mum amount of alcohol, mixed and warmed gently and allowed to 
stand overnight. The solid, which separated, crystallised from hot 
alcohol in, colourless needles which changed colour at 186° and melted 
at 168°. (Found: N, 9°62. CogHe704Ny requires N, 9°48 per cent). 


(c) o-Toluidine.—The oil. which separated on diluting the alcoholic 
solution, was treated with dilute acetia acid when it solidified. 
Crystallisation from alcohol gave small colourless needles, m. p. 196°. 
‘Found:, М, 9°58. С. НО. Мотеаитев М, 9°48 per cent). 

(d) ra-Toluidine.—The product was obtained in the same way as 
that from o-toluidine. Long prismatic needles, m. р. 168°. (Found: 
М, 9'7. C$,G6H34,04N; requires М, 9°48 per cent). 

_ Action of phenyl isothiocyanate on cotarnine: cotarnomethyl- 
phenylthiourea,—Finely powdered cotarnine (1 g.), suspended in dry 
benzene (8 c. o.), was treated with phenyl isothiocyanate (1 с. в.) and 
the mixture stirred and warmed until a clear solution was obtained. 
On cooling in ice the thiourea separated out quantitatively in shining 
crystals from excess of hot benzene as flat needles, m. p. 132°, 
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depressed by admixture with cotarnine to 116°. It is completely 
insoluble in cold dilute acids. (Found: С, 61°68; Н, 555 ; М, 7:8. 
C15 Ha5904Ng В requires C, 61:8 ; Н, 5'4 ; М, 7:6 per cent). 

The ozíme was prepared in precisely the same way as the urea 
oxime. It crystallised from alcohol in lustrous rhombic plates, m. р. 
142°. It dissolves in dilute caustic soda only on warming and is 
reprecipitated on acidification. (Found: N, 10°9. -C,,H,,;0,N,8 
requires N, 10°85 per cent). The hydroxyl group of the oxime is 
apparently non-reactive towards phenyl isothiocyanate, for neither the 
urea nor the thiourea oximes could be made to condense with this 
reagent to form the desired urethane derivatives, only unchanged 
material being recovered at the end. 

The acetyl derivative of the thiourea oxime, prepared in the usual 
way, crystallises from alcohol in stellate clusters of needles, m. p. 
147°, insoluble in alkali. (Found: М, 9°89. О Н.зО,М.В requires 
N, 9°79 per cent). | | 

The bensoyl derivative crystallises from a large excess of boiling 
alcohol in thin plates, m. p. 158°. (Found: N, 8'7. CggH ,0,N38 
requires, N, 8°65 per cent). 

Ootarnomethylphenylthiourea anil,—The clear solution, obtained on 
mixing molecular proportions of aniline and the thiourea and warming 
to 40° on the water-bath, was cooled and treated with afew drops of 
dilute acetic acid and rubbed vigorously. The oily product soon 
solidified and was washed with alcohol and crystallised from a mixture 
of benzene and petroleum ether as needles, m. p. 146°, mixed with 
thiocarbanilide the m. p. was depressed to 180°. (Found: N, 972. 
Cog На-ОзМ№з8В requires М, 9°89 per cent). 

We desire to express our thanks to the Superintendent of the 
Govt. Opium Factory at Ghazipur for а kind gift of pure narcotine 
which was used in this investigation. 
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Parachor and Chemical Constitution. Part I. 
Structure of the Carbohydrates. 


By Susm Kumar Ray. 


According to the modern conception of the structure of sugars as 
established-by the work of Haworth and his collaborators (Haworth, 
‘Constitution of Sugars,’’ 1929) these bodies are represented as having 
an oxygen ring, but nevertheless owing to the ready reducing properties 
of the sugars ıt is admitted that this structure is anything but stable. 
The object of the present paper is to find out which of the following 
two structures agrees with the parachor contribution of the sugar 
molecule. 


Glucose Fructose 

CHO а CH,0H CHa 

| | 

CHOH CHOH om CHOH 

| 

ОНОН О CHOH CHOH O CHOH 

! or | |, or | 

нон OHOH. HOH OHOH 

| 

CHOH —CH bs OH 

be on bn On (н он buon 
(P =877'2) (P—860'1) (Р=377°2) (P = 8001) 


Two monosaccharoses, glucose and fructose and two disaccharoses, 
sucrose and maltose were investigated. The surface tension was deter- 
mined by the method of maximum bubble pressure; the apparatus 
employed was of the usual Sugden type. The determination of surface 
tension in the fused condition, except in the case of fructose, was found 
to be extremely difficult as the sugars rapidly become brown on pro- 
longed heating. Hence the determinations were made very quickly. 

The surface tension of maltose in the fused state cannot be deter- 
mined as it decomposes immediately on fusion. To obviate this 
difficulty the penta-acetyl derivative of glucose and the octa-acetyl 
derivatives of sucrose and maltose were also examined as they are 
found to be more stable. The densities were determined by means of 
a U-shaped pyknometer. It will be seen from the results that the 
parachor contribution agrees very closely with the oxide ring structure 

8 P 
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as proposed by Hawcrth and his collaborators. Thus it can be definite- 
ly said that in the fused state sugar molecules exist as ring compounds, 

The density and surface tension were determined also in solution 
and the parachor calculated from the results obtained (cf. Ray, Jd. 
Indian Chem. Soc., 1084, 11, 671). The solvents employed were 
water and pyridine, the only two liquids in which the sugars were 
found to be fairly soluble. Ib will be seen that in the aqueous golutions 
normal results were obtained in very dilute solutions. With increase 
of concentration, after a certain limit, the parachor was found to 
diminish. In pyridine the values were never normal. With decreasing 
concentration of the sugars, the parachor increases rapidly and ap- 
proaches the normal value. Ву plotting x against Px, a curve is ob- 
tained which was found to intersect the P, axis at the required value. 


620 A 


5 500 
A, 


840 b 


800 
0 008 0'01 0'016 0°02 0:08 


z —> 
А, B, О and D refer to maltose, suorose, glucose and тов а 


These resulis will be evident from the curves given above. In this o con- 
nection it is to be noted that similar results were obtained by Hammick 
and Andrew (J. Chem. Soo., 1929, 754) with some liquid mixtures but 
their results were found to increase with increasing concentration. 

‘ oe 
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TABLA 1. 


Parachor in fused state, 


Oarbohydrates. Temp. Density. Surface | Found Calculated. 
i . tension. P, ring. Poen. 
Fructose 100* 1459 . 7988 8606 8601 877-9 
180 1485 6864 8608 8801 87719 
Glucose 170° 1°461 71°78 8588 860°1 871:8 
Sucrose 170° 1°429 - 6290 672°0 668'4 A 
Pente-acetyl- 
glucose 150* 1141 25°96 77156 ~ 7791 796°2 
Octa-acetyl- | 
sucrose 78° 1257 86°91 1831 1889 
Octa-acetyl- 
maltose 170° 1°185 80°04 1889 1888 


In Table П, z is the molar fraction of the solute, Mm the 
mean molecular weight of the solution, Pm the mean parachor and 
P, the parachor of the solute. The observations were carried out at 
the temperature of about 82°. 

Ратасћот in Solution. 
TABLE П. 


Glucose in water. 


e. Density. M Surface P’ P 


m. te nai on. m. 5. 
00 00967 18 70°89 5984 ~ 
-006682 10209 19-08 71°60 54°87 8614 
07741 170954 19:96 7904 54°71 8591 
‘01196 — 170409 1909 — 7921 5588 — 886 
‘01556 о 1:0547 20°58 Та 56:89 моб 


Н 


Fructose in water. 


0004930 101646 ° 18°81 71:78 58-84 8359-9 
"008796 170897 1942 72°58 55-04 859-8 ` 
- *01208 — 1'0424 19:95 72°78 55:91 8491 


. 101498  L'0500 20°81 79-70 56°48 9492 
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1'0118 
1:0238 
1'0340 
1:0584 
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Sucrose in water. 


Surface 
Mm. tension. 
19:18 71'08 
19°55 72°88 
20°47 78°10 
21°24, 78°41 


Maltose in water. 


18°69 7118 
19°30 71745 
19°77 71°96 
20°79 72°18 


Pm. 
54*68 
54°80 
57°01 
58°24 


58°68 
64°80 
55°68 
57°55 


667°3 


667°9 


664°5 
6051 


In.Table ПТ, the figures within parentheses are obtained from 


the curves given &bove. 


Tase III. 


Glucose in pyridine. 


M 
79 
80717 

` 8954. 


Surface 


. tansion. 


86:89 
95°72 
85°14 


Fructose in pyridine. 


80°82 
81:68 
8984 
85°66 


Sucrose in ‘pyridine. 


80°18 
80°88 
81°18 


„40 - м 
1 


8501 


38:16 
86°46 
87°61 


85°21 


- (860°0) 


Maltose ín pyridine. 
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2, Density. e Mm, Pa. Ру. 
001020 0-9908 81-69 36-08 208-1 6950 
(1854 10020 88°87 86°04, 905°0 5983 
"02252 10108 8491 86-15 2082 577°8 
"02685 1°0175 86°06 86°24 207-4 558:8 
1°0 (6680) 
SUMMARY. 


The surface tension and density of glucose, fructose, sucrose and 
maltose were determined in the fused state as well as in solution and 
the parachor calculated. The parachor values were found to agree 
with the ring structures as proposed by Haworth and his collabora- 
tors. 

My grateful thanks are due to Prof. P. R. Ray of the University 
College of Science and Prof. А. Maitra of the Presidency College for 
the kind interest they took in the work. 
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Review. 


Ап Introduction to the Blochemistry of Nitrogen Conservation 
by Dr. Gilbert J. Fowler. Published by E. Arnold & Co., London, 
1984. Рр. 280 + viii, 


Professor Fowler has described in в lucid manner in this book his 
life’s work on the problem of the supply of combined nitrogen 
cheaply. He has dwelt at length on the various processes for the 
utilisation of the combined nitrogen in plant leaves and residues, 
sewage water, night soil and other waste products. The author's 
work on sewage disposal by the ‘‘ activated sludge ' method is very 
important and his processes are being utilised by many big cities. 
- He has discussed the subject satisfactorily from a bacteriological 
chemists’ view point and has explained clearly the various processes 
involved in the transformation of the proteins present in the waste 
products to nitrites and nitrates, which serve as plant food. Ав is 
expected, the part played by the physical factors, e. g., light, increase 
of temperature, eto., in the processes of ammonification, nitrification 
and nitrogen fixation has not yet been properly valued—there is no 
doubt that these factors assume important proportion in these 
processes especially in tropical places. A type of denitrification 
taking place in the presence of oxygen, first observed by Lipman and 
Blair and emphasised by Russell and recently explained, involving 
a loss of ag much as 100 lbs. nitrogen per acre of soil annually has 
not been mentioned in this book. 

This publication is an important contribution to the problem of 
nitrogen conservation, which is of vital importance all over the world, 
specially in poorer countries and this volume should. be not only in 
the possession of all chemical libraries but also in the hands of 
persons wishing the agricultural prosperity of their country. 


. 3 N. R D. 


Cellulose Fermenters from Horse-dung. 
Bx Н. K. Вах AND Goran CHANDRA Das-Gurta. . 


The discovery of any suitable type or types of bacteria that would 
easily ferment cellulose is important for the practical utilisation of 
waste plant materials. Till lately, no bacteria were isolated which 
could carry on cellulose fermentation to such an extent and with such 
rapidity that the possibility of their industrial use could be thought 
of in the near future. The case of sewage bacteria which are made 
use of in isolated instances in the activated sludge processes is, 
however, different, as the nature of the liquor to be fermented there 
is complex and not typical of the kind of liquor usually available in 
cellulose fermentation. The economics of the activated sludge 
process have been questioned here and there, but the uniformity and 
the certainty which have been by now: realised:in sludge digestion, 
leave no doubt that as soon as a profitable use for methane is found, 
the process will have -taken its place of importance. The bulkiriess 
of the sludge digestion process and the comparatively long time 
required for the fermentation of resistant celluloses make the intro- 
duction of cellulosic: matters from outside for the purpose of inereased 
fermentation, impracticable. Hence, the treatment of cellulosic or 
lignocellulosic matters by chemical processes fo convert them quickly 
into industrial products, with comparatively lesser outlay has had 
always a great attraction. 

We had, therefore, undertaken laboratory investigation on the de- 
composition of cellulose by means of bacteria. Suitable types of bacteria 
cannot be said to have been isolated, although several mixed types 
carry on the degradation of cellulose under thermophilic conditions far 
enough to-be technically promising. The products obtained by such 
bacterial fermentations are varied, but these could he grouped under 
two hedds :—(i) Liquid products consisting of formic, acetic and butyric 
acids and alcoho! and (ti) gaseous products consisting under usual 
circumstances, of methane, hydrogen and carbon dioxide, and under 
special circumstances, only carbon dioxide, The earliest researches 
on the fermentation of cellulose under anaerobic, mesophilic conditions 
were by Omelianaky (1895-1902), who isolated -in more or less pure 


859 Н. К. SEN AND G. C. DAS-GUPTA 


condition, methane-fermenting and hydrogen-fermenting bacteria 
from the mud of the river Neva. But the credit of perceiving t 
importance of the action of thermophilic organisms on cellulose may 
be given to Macfadyen and Blaxall (Trana. Inst. Preventive Medicine, 
1899, р. 102), who obtained enrichment cultures from stable 
manure capable of fermenting cellulose. Pringsheim (Centr. Balke. 
Abt., 1912, 38, 2) described a cellulose-destroying enzyme in a 
culture fermenting at 55°. He made further the very important 
observation that in the fermentation of cellulose, cellobiose and glucose 
are intermediate products. The qualitative nature оѓ. ће products 
of cellulose fermentation is alike, as noticed by both sets of workers, 
acetic and formic acids being noticed by both of them. Thereafter, 
thermophilic cellulose fermenters were recognised to be fairly widely 
distributed in nature. Kroulik in 1918 described four species—8 
plectridia and 1 with a central spore, 2 being aerobic, and 2 anaerobic. 
He was of the opinion that the two aerobic organisms which were 
abundant during the early stages of the fermentation were not cellu- 
lose fermenters, because when isolated on beef extract agar plates, 
they showed no activity. The anaerobic organisms did not grow on 
agar, thus showing an important distinction between the two. He 
found some of these cultures resistant to the action of steam and the 
production of acetic, butyric, formic and lactic acids was also noticed. 
The gases that evolved were found by him to be carbon dioxide 
and hydrogen. In any case, he failed to isolate pure cultures. 
Langwel and Lymn (J. Soc. Chem. Ind., 1928, 42, 280 7) published 
some interesting results on the fermentation of cellulose by 
thermophilic bacteria isolated from fermenting horse manure. It 
is claimed that large amounts of sulphite pulp were readily 
fermented with the production of acetic, butyric and lactic acids, 
ethyl alcohol, methane, hydrogen and carbon dioxide. These 
results have been d-ubted by some authorities and a detailed con- 
firmatory report by the author would be extremely welcome on this 
very important work. Khouvine (Ann. de 1° Inst. Pasteur, 1928, 
97, 711) described an organism isolated from human faeces which 
was exclusively a cellulose fermenter, working at 85-51°, the main 
products of the fermentation were acetic aoid, ethyl: aleohol, carbon 
dioxide and small , amounts of butyric acid and hydrogen. There 
was ПО. distinct optimum temperature for the action of this organism 
and fermentation began only when some sterilised faecal extracts 
were added to the medium. 
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--Neuberg and Cohn (Biochem. Z., 1928, 189, 527) obtained . from ` 
canal mud and horse manure enrichment cultures capable of fermenting ~ 
‘cellulose at” 68-55°. Viljoen, Fred und Peterson (J. Agrio. Science, ` 
1926, 16, 1). claim: -to have isolated a type of thermophilic ` 
cellulose fermenter in a pure-condition from an infusion of 100 g. of - 
a rapidly fermenting manure in 200 c.c. of water. Thaysen has doubted 
the purity: of the bacterium isolated by the authors since they obtained 
the culture they- describe as pure from a dilution containing as much 
as one ten-thousandth part of the crude- culture, and from this 
dilution in cellulose agar they isolated not one well-circumser:bed 
. colony, but were content to employ as inoculant for their-pure cultures 
а part-of this agar medium containing a gas bubble. Even starting . 
with a oulture that is only slightly infected, 1518 highly improbable 
. that the -above procedure could-lead. to the isolation of pure 
cultures (cf. Thaysen and Bunker, ‘Тһе Microbiology of Cellulose, 
Hemicellulose, “Pectins and Gums,’’ p. 61). 


Macfayden and Blaxall (loc. cit.) thought that the T 
was brought about by the combined action of symbiotic strains. Our 
present work seems to support this observation of Macfayden and 
Biaxall. We have started with horse-dung and been able to isolate two 
strains of bacteria which are weak cellulose fermenters separately, but 
which, when brought together, in the medium for cellulose fermentation, 
are capable of fermenting the cellulose under favourable circumstances, ' 
almost completely. Generally, however, & conversion of 50 to 60% of 
the cellulose is reached, the liquid products being acetic. formic and 
butyric acids and alcohol, and the gaseous product carbon dioxide, а 
large proportion of which is derived from the neutralisation of calcium 
carbonate by the produced acid. The activity of the two bacteria to- 
wards cellulose continues to diminish, till after six months, they showed 
very reduced function. To sugars and starches, however, they retained 
the usual initial activity. No explanation has yet been found for this 
deterioration, nor any. specific means of reactivation. It should be 
noticed here that a large quantity of sulphuretied hydrogen, specially 
in the beginning of fermientation, is noticed, derived no doubt from the 
nutrienf{ substances added to the medium. This symbiotic action is 
still more energetic in leas purified enrichment cultures, & faci. which 
would indicate- that° although some cellulose--fermenters per 86 have: 
been isolated, for technical degradation of cellulose;- the symbiosis of 
more-numeroüs types of-bacteria is probably essential. If one disallows 
the purity of Viljoen-Fred-Peterson’s bacterium ав suggested by 
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Thaysen, the mechanism of the fermentation’ of cellulose in their case 
can also be considered to be due to symbiosis. In the case of the two 
types isolated by us, there is no inability on the part of either to fer- 
ment starch, sugars (hexoses and pentoses) or hemicelluloses. If 
we admit that in the degradation of cellulose, ceilobiose and glucose 
are obligatory intermediates, then itis difficult to reconcile the beha- 
viour of Madame Khouvine's organism or that- of Hutchinson and 
Clayton’s Spirochaeta Cytophaga, which are both characterised by their 
unique inability to ferment carbohydrates.except cellulose. 

. Во far, the only large scale experiments on ihe fermentation 
of cellulose on record are those by Fowler and Joshi (J. Ind. Inst. 
8ci., 1920, 8, 89), and the one described by Langwell and Lymn (lec. 
cit.) The observation of Fowler and Joshi that hemicelluloses were 
more suitable for fermentation than the more resistant celluloses, redu- 
ces the usefulness of their bacteria, no pure culture of which is on 
record. Tomoda (J. Soc. Chem. Ind , Japan, 1982, 88, 5848) who 
appears to have isolated a species of Clostridium thermocellum as des- 
cribed by Viljoen, Fred and Peterson (loc. cit.) in determining mecha- 
nism of the decomposition of cellulose -fibre by the action of micro- 
organisms opines that this mechanism is. quite. different from that of 
the-hydrolysis of cellulose or cellulose solution by acids, It would be 
important to reconcile this. hypothesis. with, that of чы who 

i wn cellobioge and glucose as:the intermediates.. - 
| .Méthod of- isolation of the two types:of cellulose Tenmeiiug 
joi ——9 Q. of:sun-dried-horse-dung were, kept іп а watch glass for 
4hours ab 55° to eliminate mesophilic organisms. Тһе substanee was 
then added to an enrichment medium of, the followme: composition : 


| Dipotassium phospbate ... 0:18.. _. Potassium nitrate ИЕ ‚ 0 3 =. 


Magnesiom sulphate ux О. Strips of filter-paper... "2:0 ' - 
е “Bodiam chloride 0054. OL.) Water ~ V. 10000 
7 : Galoium Өр ^u 09 x Pa adjusted’ to T4" | 


The ids was then heated on the :water-bath for 10 minutes at 
about 75-80? and then incubated at 56° for about 5 days, when the 
filter paper was found to have commenced disintegrating. Im 10 days’ 
time the disintegration was -practically complete, evolution of gas 
(methane, hydrogen and carbon dioxide) being noticed all the time. А 
portion of the disintegrated but still fibrous mass of the filter-paper 
was taken out by в platinum loop and ‘introduced into 5%. c. of sterile 
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physiological solution (08595 sodium chloride solution in distilled 
water) containing a few glass beads, in a test tube. The mass was 
thoroughly shaken, and 1 ‘е. с. of it was added to a second lot (100 
с. с) of the enrichment medium and allowed to be incubated. After 
4 days, a third enrichment was effected. From this actively fermen- 
ting enrichment. plating was done, the medium for plating being com- 
posed of trypsin-digested casein (100 с. с), distilled water (850 c. е.), 
beef extract (1 g.), agar (80 g.), filter paper (finely subdivided) 10 g. 
and pu 7'Á. Starch-agar, glucose-agar and nutrient-agar were also 
tried for plating, but with indifferent results. | 
After 24 hours of incubation at 55°, which is found to be the 
optimum temperature two types of colonies appeared, which were al- 
most similar in size, but one was creamy white, and the other grey. 
The two types were separately plated, with the result, however, that 
both the creamy white and the grey types reappeared in each of the 
plates, ‘with this distinction that the number of grey colonies was 
disproportionately largein comparison with the creamy white ones. At 
afirst, the grey colonies being predominant, further purification, of this 
utype was effected by several platings (five times usually). Below is а 
micro-photograph of this type with a magnification of 1 x 1200. 
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The action of this Фуре on cellulose was very weak, a disappearance 
of 15-20% of the cellulose taken for fermentation being noticed at the 
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end of 7 days. This led’ to "the. suspicion: that.perhaps the type of or- 
ganism having the creamy white colony might be responsible for the. 
active fermentation of cellulose, Hence, this latter type was purified 

by repeated plating with the same medium and its “oe on cellulose 
investigated. : 


| _ There was practically no action of the second type on cellulose. 
Both these isoiated types, however, are capable of fermenting hemi- 
celluloses, pentoses, sugars and starch, a fact which distinguishes them 
from Madame Khouvine’s and Hutchinson and Clayton’s organisms 
which can act only upon cellulose and on no ‘other carbohydrate. 


The qualitative nature of the gaseous products from the action of 
our bacteria on cellulose requires special mention.- Bo far, all the 
organisms described give risé to methane, hydrogen and carbon dioxide 
in the impure stage, t.e., 1n the enrichment stage, all those gases were 
found to be present, After purification by plating, neither hydrogen 
nor methane is evolved,the sole gaseous products being carbon dioxide 
and sulphuretted hydrogen. The latter no doubt is derived from 
medium. 


* TABLE I. 
Carbohydrate Analyses of geses produced.by the first type of bacterium. 
fermented. Е 
— Arabinose со, 514% 45% 409; `50% 
: CH, T й 
Hs i Ёё á T 
Xylose 003 7.0 5'2 46 89 . 
CH, 
Р Ha ТГ кет эя» 7 wes 
Starch OO, 8°65 4°5 8-4 7:9 
OH, ii se is e 
Hà "TT МУХ wae 
— Molasses 004 89 2 890 52-0 = 
OH, ees HN " 
Hy 50°0 48°0 800 | a 


re 


* "The fermentation of molasses is characterised by the ewolution of -hydrogen, 
which is absent in other fermentations. In all these analyser, the residue was com- 
posed of - nitrogen, oxygen and sulphuretted hydrogen in -varying НО: The 
seeond type; of Ractertam yielded similar results. . - - - 


~ 
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So far as the liquid products are concerned, there is no essential 
qualitative. difference, acetic, formio- апа butyric acids in the main 
as also a certain percentage of ethyl alcohol being produced. ee 

The following table shows the difference or otherwise of the 
analogous bacteria. 


Тавги П. - 


Comparison of certain thermophilic cellulose fermenting bacteria. 


Бізе of 
` rods. 


Size of 
spore. 


Flagella. 
Gram-stain. 


М. Broth with 
glucose. 


N. Agar 
stroke. 


Potato 
alant. 


N. Адаг 
plate. 


Milk. 


Carbohydra- 
tes fermented. 


А 


a Sen and Das-Gupts. 


Langwell. Fred. Peterson ' Type I. 
and Viljoen. | 
4х0'4 д бх04 д x 0*75 —1'0 д 
| 
Not given 0'0x0'6 д PxlüOA 
Absent. Peritrichous. Absent. 
Negative. Negative. Negative. 
Gas tnd acid. Gas and acid, Gas and acid. 
(sediment). 
Shining, moist, Shining, moist, Dull, dry, 
butyrous. butyrous. butyrous. 
(slightly spread- 
5 | ing). 
Yellow, moist, Yellow, potato Grey, dry. 
potato browned. browned. 
Small surface Small sub-sur- Scanty growth 


& sub-surface surface colo- surface colonies 


colonies. nles. Profuse slightly spread- 
growth on ing. 
etarch agar. 
Acid, curdled Slightly acid Blightly acid 
in 5 daya. in 8 days. in 8 days. 
: ao sicing 
Cellulose, starch Cellulose, starch, Hemicella- 
hemieellulose, hemicellulose, lose, starch, 
hexose & pento:e, hexose & pentose, hexose, pen- 
eto, э eto. tose & cellu- 


- lose slightly. 


Type II. 


8 х0°б д 


2x1'0—1'2b 4 


Absent. 
Negative. 


Gas and acid. 
(surface growth). 


Dry, creamy, 


butyrous 
(поё spreading). 


Creamy, potato 


slightly darkened. 


Scanty growth 
gmall surface 
colonies (smal- 


ler than Type T). 


Slightly acid 
in 3 days. 
(no curdling). 


Hemicellulose, 
starch, hexose, 
entose & cellu- 
ose slightly. 


No liquefication of gelatine or 
detection of sugar as intermediate 
product ; nor indole formation 


noticed. 
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From a perusal of the above table, the separate identity of these 
two types of bacteria can be inferred, the most characteristic feature 
being the increased activity on symbiosis. 


TABLE ПТ. 


The action of Type I on «xylose, arabinose, starch, cotton, 
glucose, filter paper, rice-straw, and water hyacinth : 


Substance Substance Fermenting QIN Acid Alcohol Residue. 
fe: mented. taken as репой. acid formed formed. 
reducing formed. (expressed 
sugar. ав acetic 
acid). 
Straw digested боа. 8 days 2656 с.с. 81°8% — 62°0% 
5 5 4840 5808 58% 82°6 
n 5 7 7380 8713 6'27 0'6 
Ar&binose 5 8 200-8 94'1 — 81:0 
b b 661:6 10'89 — 14 
б 7 864-0 79°68 3°0 16°4 
Glucose 5 8 220'0 27 48 0:21 64°8 
b 5 650°0 78'0 6°98 13:88 
X ylose 6 б 7544 90-53 8°85 0:89 
Btarch 5 5 776°18 98°14 8°2 1:6 
Water hyacinth | 
digested 5 7 zi = 15:98 1:98 
b 1 — — 11'90 — 
b 7 — — 19'06 2°25 
5 7 — — 11°99 — 
Molasses 5°85 5 54078 55°5 18°68 28-95 
5:85 5 518'84 68% 10:96 959 
8°45 b 97450 04:4 @8'8 12'86 
418 5 468'd8 — 6T'88 1947 14 05 


Bach set of experiment is the average of five experimenta. 


The action of Туре ЇЇ оп xylose, glucose and hyacinth, etc., wil] 
be understood from the following table. 


OELLULOSE FERMENTERS ‘FROM HORSE-DUNG 859 


r 


Е: d TABLE IV. BOX 
Substance воа Severe 0° 1 N Acid Acid Alcohol Residue. 
fermented. taken as period. formed, formed formed, 
- reducing `: SI. 7. (expres- . i 
sugar, HS вей ав 
` acetic 
: р с : acid). 
Xylose 5 g. б days 884'0 c.c. 7488% 8'50% 18 6% 
Glucose 5 - D .-- 508-0 60°90 5°60 83°8 
Hyacinth 5 t | — — 18725 11:87 
| П piae р us -— = 15:19 18:25 


А comparative chart on the ‘action. of bacteria Type I and Type II 
individually and mixed together on cellulose is  givenbelow. 


"uu Ө ` | - à 

Тур Туре Ш. › Type I & II 

: | AU А; ў mixed together. 
Oellu- Alcohol. Acid ~~ бей. 'Algdhol Acid, . Cella- Alco- ^ Acid. 
lose - ' e-  f(express-- lose - -- - (acetic lose hol. (as acetic 
(filter | ‚ ed as · (fter - acid). (filter . acid). 
paper) ° ` | acetic), ` paper) E paper) | 
bg. 190% 18 26%" Bg. — 8963, 187569, бя. 14'6% 60875 
5 552 1290: 5: 1480 “1797 Б 1185 8196 
5 5°08 15°87 b 2:06 — 1520 6 10:90 470 


?o" 


The effect of concentration ‘of the sugar solution on the total 
formentibility.—A 29 -arabinose solution was fermented with the 
` result that 26% sugar was left unacted, whilst the acid figure was 
56:6 с.о. N/10 acid per g. of sugar With а 19% arabinose solution the 
unacted sugar was 17% and the acid figure was 76 84 c.c. of N/10 acid. 
The Influence of px Value of the Medium on Permentibility, 


* $ . 


Р, = 66 S very slight growth. 
H А à Pi ы 70 one ы moderate growth. 
Р, == Tå sen normal vigorous growth, 


2. 
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In the last instance, the рн value decreased rapidly and soon 
Jeached a point (6°5—6°6) where activity was hampered by the slight 
acidity of the medium. 1% Calcium carbonate was, therefore, added 
to keep the рн value steady between 7 and 7'4. 

Influence of temperature.—At room temperature (28? —82?), there 
was no fermentation, but the organism lives. The optimum tempera- 
ture was found to be 65°. The spores can resist steam-temperature 
(100°) for 10 minutes. 


Analysis of the total fatty acids obtamed from the fermentation 
of filler paper, arabinose and glucose, the proportions being in each 
practically the same. Butyric acid, 80%; formic acid, 25%; acetic 
acid. 45%. The estimation of these acids was done according to the 
following method: The total acid was at first treated with a baryta 
water and the whole was evaporated to dryness on the water-bath. The 
residue was left in contact with absolute aleohol for 6 hours with occa 
sional stirring. The soluble barium butyrate was separated by filtration, 
the alcohol evaporated on the water-bath and the butyric acid liberated 
by the addition of dilute sulphuric acid, distilled in steam and titrated. 
The residue left after extraction of barium butyrate, was steam- 
distilled in the presence of phosphoric acid. The distillate was treated 
with magnesium sulphate and evaporated to dryness. The.dried mass 
was again extracted with absolute alcohol, when magnessium acetate 
went into solution. Tho solution was evaporated and the acetic acid 
liberated by dilute sulphuric acid ав before and steam-distilled and 
estimated by titration. Similarly, formic acid remaining in the residue 
was estimated. 


Estimation ol alcohol.—10-12 G. of potassium dichromate were 
dissolved in water and 80-85 c.c. concentrated sulphuric acid were 
added to it. This mixture was used for oxidising the alcohol obtained 
in the distillate from the fermented liquor. This distillate amounted 
usually to 500 c.o., which was kept in contact with the oxidising 
mixture for 20 minutes and was then steam-distilled and the acetic 
acid was estimated.* It should be noted that perceptible quantities of 
butyric acid or even butyraldehyde were present in this distillate, 


* The distillation was continued till в few drops sf the distillate showed an exceed- 
ingly weak test for acid with blue litmus paper. The total distillate was titrated 
against N/B alkali, and the result expressed in term of ethyl alcohol, assummg the 
whole of the acid to be acetic acid, - 
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proving the presence of butyl alcohol in the fermentation process. 
This method, which is a shortened form of Docks and Lamb’s 
process, gave good results. Experiments with absolute alechol agreed 
up to 97% usually. x 

Our thanks are due to Messrs. Radhanath Chatterjee, M.8c., 
and Birendranath Majumdar, M.8c., who have rendered considerable 
help in carrying out some of the duplicate experiments, as also 
generally. 
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The Formation and Stability of Polybromide Derivatives 
of Heterocyclic Compounds. Part IV. The Hydrodi- 
bromides.and Hydrotetrabromides of some 

= 1-Dimethylaminobenzthiazoles. 


By MOHAMMAD WAHEED Вокивн, RANCHHODJI DAJIBHAI DESAI AND 
Бовевт Frraus HUNTER. 


Since 1-aminobenzthiazole hydrodibromide (Hunter, J. Chem. Boc., 
1980, 125) fails to exhibit the paramagnetiam to ‚Бе anticipated on the 
basis of the odd-electron structure (I) (Aliazam, Hunter and ‘Khan, 
J. Chem. Soc., 1984, 708), it has been suggested ‘to’ us that the 
compound may possess & чш bromide structure of the $уре.(П). 


| 5 | | t 
| он, уски, Ё Бг . | oo Усаны |E. 


D 2 x. (H) 


“` 


This formula -is, however, quite inadmigsible' in the light of the 
behaviour of the substdnce-on pyrolysis and the total absence , of 
evidence of any substitution during its preparation from the hydrobromic 
acid salt of  1-&minobenzthiazole and bromine (Hunter, loc. cit.). 
Nevertheless, in view of this suggestion, it appeared of interest to 
re-examine thé dibromide of 1-dimethyleminobenzthiazole obtained 
from s-phenyldimethylthiocarbamidé and bromine some years ago 
(Hunter and Styles; J. Chem: Boc., 1927, 1209), in which the possibi- 
lity of substitution by .bromine ій the p-amino group is definitely 
precluded. = 

As might be anticipated, the supposed .dibromide is actually в 
hydrodibromide of the dimethylamino base, analogous to the bromo- 
addition compouné of 1-amimobenzthiazole obtained from phenylthio- 
earbamide under similar conditions (cf. Dyson, Hunter, Jones and 
Styles, J. Indian Chem. Soc., 1981, 8, 147). | 

On more prolonged bromination in presence of excess of the 
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halogen, 8-phenyldimethylthiocarbamide gave rise to a hydrotetra- 
bromide of a monobromo base which yielded 6-bromo-1-dimethylamino- 
benzthiazole (IV), whose constitution was established by synthesis 
from 8-p-bromophenyldimethylthiocarbamide (11), on treatment with 
sulphurous acid (cf. Chowdhury, Desai, and Hunter, Rec. irav. chim., 
1984 88, 1). 


Br / | Вг х /8 
В : 
O'NMeg 20 NMes 
NH NN 
(111) | (IV) 


А gimilar hydrodibromide of 1-dimethylamino-5-methylbenzthiazole 
was also obtained from 8-p-tolyldimethylthiocarbamide, by treatment 
with bromine under conditions similar to those employed in the case of 
the phenyl derivative. On more prolonged treatment with excess of 
bromine, the cyclised product underwent nuclear substitution as in the 
case already described, yielding a hydrotetrabromide of & base identical 
with 8-bromo-1-dimethylamino+-methylbenzthiazole (VI) obtained by 
cyclisation of 8-o-bromo-p-tolyldimethylthiocarbamide (V). 


ий g Me i 
` | um C*NMe.« . _ 89 
iUe шек E NZ 

" Br - Вг . - 

© (v) | (VI) | 


Since the formation of hydrodibromides and hydrotetrabromides of 
&minobenzthiazole bases is no longer explainable on the basis of the 
existence of even-numbered polybromide ions (of. Dyson, Hunter, 
Jones and Styles, loc. cit.), it appears highly probable that these 


- - ol Ө Ө 
compounds are complexes of the type | Ваве, Н | Br Вг, Br * and 
“le 


ӨТ 9 e 
Base, Н Е Br (Brg); Br respectively. 
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EXPERİMENTAL, 


8- Phenylaimethylthiocarbamide, prepared by — & Solution of 
phenylthiocarbimide (5 g.) in benzene (25 c.c.) with в 88 % golution of 
dimethylamine in alcohol (6 в.е Vand heating the mixture, crystallised 
in needles, m.p. 188° (Dixon, J. Chem. Boc., 1892, 61, 589). ` 
© 1.Dimethylaminobenathiasole 'hydrodibromide.—A ' solution of the 
dimethylthiocarbamide (1 g.) in chloroform (10 c.c.) was gradually 
treated with bromine (0-6 с.о.) and the solution was heated on a water- 
bath under reflux for 5 minutes, transferred to а crystallising basin 
and concentrated under reduced pressure at laboratory temperature. 
On rubbing with & glass rod, the hydrodibromide formed small red 
crystals which were collected on porous earthénware and dried in a 
vacuum, in.p: 91-98° (decomp., after-previous softening). [Found: Br 
(total), 48*1; Br (labile), 28:8. Op H4 N98, HBr(Br) requires Br (total), 
4T B; Br (labile), 28°7 per cent]. On reduction with sulphurous acid 
and basification with ammonia, the hydrodibromide yielded 1-dimethyl- 
eminobenzthiazole which separated from benzene-petroleum in 
glistening flakes, m.p. 87°. (Found: В, 17°7. Calc. В, 18°0 per cent). 

| §-Bromo-1-dimethylaminobensthiazole hydrotetrabromide,—A_ solu- 
tion of s-phenyldimethylthiocarbamide (1 g.) in chloroform (10 о.о.) was 
treated with bromine (1 c.c. in 8 c.c. of chloroform), and the mixture 
was heated under reflux for 20 minutes and consentrated under 
reduced pressure-at laboratory temperature. The hydrotetrabromide 
crystallised in orange red prisms which had m. p. 100° (decomp.) after 
drying in a vacuum, [Found: Br. (total). 69:0; Br (labile), 41:8. 
CpH,N,Br8, HBr (Brg) requires Br (total), 69°1; Br (labile), 41:5 per 
cent). On reduction with sulphurous acid and basification with ammo- 
nia, the hydrotetrabromide yielded 5-bromo-1-dimethylaminobensthia- 
sole, which crystallised from petroleum-benzene in stout prisms, m.p. 
167°. (Found: Br, 80°9. C,H ,N.Br8 requires Br, 8151 рег cent). 

Synthesis of 6-Bromo-1-dimethylaminobenathiasole from р-Втото- 
phenylthiocarbimide by way of s-p-bromophenyldimethylthiocarbamide. 
(i) s-p-Bromophenyldimethylthiocarbamide, prepared from p-bromo- 
phenylthiocarbimide (2 р.) in benzene (20 с.о.) and в 88 % soluticn of 
dimethylamine in alcohol (1:2 c.c.), crystallised from benzene in small 
needles, m.p. 159°* (Found : Вг, 80:8. O,H,,N,Br8 requires Br, 
80:0 per cent). (ii) A solution of this thiocarbamide (1 g.) in chloro- 
form (10 в.в.) was treated with bromine (1 0.0. in 8 o.c. of chloroform), 
and the mixture was heated under reflux for 25 minutes. The product 
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obtained by removing the solvent in a vacuum at laboratory tempera- 
ture was reduced with sulphurous acid, basified and recrystallised from 
petroleum-benzene -when 5-bromo-1-dimethylaminobenzthiazole was 
obtained-in stout prisms which had m.p. 167° alone; and when mixed 
with the specimen obtained by bromination of 8- -phenyldimethylthio- 
carbamide. 

EN intus iatis EUR hydrodibromide.—A solution 
of s-p-tolyldimethylthiocarbamide (1 g.) in chloroform (10 в.о.) was 
treated with bromine (0'5 c.c.-dissolved in 2 с.с. of the same solvent) 
and the solution was heated under reflux for 5 minutes and thereafter 
concentrated under-reduced pressure at laboratory temperature. The 
hydrodibromide of -the 5-methylbenzthiazole -formed small orange 
prisms, m.p. 90° after drying. [Found: .Br (total), 44:8; Br (labile), | 
22:2. - 01H ,,N.8, HBr (Br) requires Br (total), 458; Br (labile), 
22 6 per cent).. On reduction with sulphurous acid, this bromo-addition 
compound yielded 1-dimethylaminobenzthiazole, which separated from 
alcohol in,small prisms, m.p. 86° (Hunter and Styles, loc: cit.). 
|. 8.Bromo-1-dimethylamino-5-methylbenathiasole hydrotetrabromide.— 

A solution of a-p-tolyldimethylthiocarbamide (2 g.) in- chloroform 
(16 c.c.) was treated with bromine (2 с.о ) and the mixture was heated 
under reflux for 20 minutes and thereafter concentrated in a vacuum at 
laboratory temperature. The hydrotetrabromide crystallised in 
glistening orange red needles, m.p. 95° (decomp.). [Found: Br (total), 
67:2; Br (labile). 40:8. C,GH44,N4Br8, HBr(Brg) requires Br (total), 
67-6; Br (labile), 40°6 per cent]. On reduction with sulphurous acid 
the hydrotetrabromide yielded 8-bromo-1-dimethylamino-5-methyl- 
benathiazole, which crystallised from alcohol in needles, m.p. 169°. 
(Found: Br, 20:8.. C,9H,,N,Br8 requires Br, 29°5 per cent). 

Synthesis of 8-bromo-1-dimethylamino-5-methylbenathiasole from 
s-o-bromo-p-tolyldimethylthiocarbamide. s-o-Bromo-p-tolyldimethyl. 
thiocarbamide, prepared from o-bromo-p-tolylthiocarbimide (2 g.) and 
dimethylamine in benzene, crystallised in needles, m.p. 158°. (Found: 
Br, 29:5. ©,,H,3N,Br8 requires Br, 29'8 per cent). On cyclisation . 
by treatment with bromine in the usual way and reduction of the 
product with sulphurous acid, 8-bromo-1-dimethy]amino-5-methy]l- 
benzbhiazole was obtained which had m.p. 169° alone, and*when- 
mixed with the specimen already described. 
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Synthesis of Purine Derivatives from Glyoxalines. 
By P. О. MiTTER AND NRIPBNDRANATH CHATTERJEE. 


The synthesis of purine derivatives has been hitherto accomplished 
main!y via pyrimidines. The alternative process of synthesis via 
glyoxaline was first suggested by Windaus and Knoop (Hofmeister’s 
Beitrage sur chemischen Physiologie und Pathologie, 1905, 6, 802) in 
connection with the formation of methyliminazole by the action of 
ammonia (or zinc hydroxide-ammionia) on grape sugar and also other 
sugars. They write ‘Gelingt es, die Methyl-gruppe (des Methyl- 
imidazols) zu oxidieren она eine Kondensation z.B. mit Harnstoff 
zu erzielen so erhielte man direct Xanthin. Andere Paarlinge wie 
Guanidin könnten in gleicher Weise zu Guanin, is usw. 
führen." 

Johnson (J. Amer. Chem. Soc., 1914, 36, 838) tried to prepare 
. purines from glyoxaline» ог hydantoins but without success. 

Speaking before the London Chemical Society on ‘ Newer stand- 
points in the Theory of .Nutrition'’ Hopkins compared the structure 
of arginine and histidine with that of the purine base guanine /J Chem. 
Boc., 1916, 109, 629); and pointed to some experiments which prove 
that the presence or absence respectively of arginine and histidine from 


QM ' онин, 

NH, | H. 

NH 5 | = 
OH, ber, B 


| CHNH3)" COOH  - CH(NH3)'COOH 


the food. of an animal has a very considerable effect on er 
metabolism as indicated by allantoin excretion. there being a very 
marked fall as the result of their withdrawal whilst their restoration is 
followed by a rise.* 
Fargher and Pyman (J. Chem. Soc., 1919, 118, 217) attempted to 
prepare 4-aminoglyoaaline-5-carboxylic acid with a view to obtain 
+ In a subsequent communication (Biooheni. J., 1916. 10, Бл) Ackroyd and 


Hopkins have dentonstrated that the absence of one or the other is without any apparent 
effect on growth. : 


- 
r 
^ р ~ э 
8 


868 P. 0. MITTER AND М. М. CHATTERJEE 


~ 


xanthine by condensing the substance with cyanic acid an subse- 
quently eliminating water. They failed, however, to prepare the amino- 
acid. 

With the same object in view, King and Murch (J. Chem. Soc., 
1928, 128, 621) prepared ethyl 4-bromoglyoxaline-5- carboxylate, but 
the small yield precluded systematic attempts to condense the ester 
with carbamide. 

A purine derivative, heteroxanthine, was first prepared by Sarasin 
and Wegmann (Helv, Chim. Acta, 1924, Т, 718) by heating the 
amide of 4-amino-1-methylglyoxaline-5-carboxylic acid with ethyl 
carbonate at 100.70?. Plaza (Anal. Fis. Quim , 1926, 24, 781) 
employed the same reaction for the preparation of 8-methyl-7- 
ethylxanthine from 4-amino-2-methyl]-1-ethylglyoxaline-5-carboxyl- 
amide. Montequi (Anal. Fis. Quim., 1927, 28, 182) obtained 8-methyl- 
7-ethylxanthine and also heteroxanthine by heating 5-cyano-4-amino- 
2-methyl.l-ethylglyoxaline and 5-cyano-4-amino-1l-methylglyoxaline 
respectively with urethane. 


NH,—CO 
CO(OEt), + boon 8 


ge е p 
NH,—O—N 


Co - CH, 


NG | 
| a | Po 
NH4GCOOBt + C—N'OH; 
L^ 


NH,—C—N 

On an analysis of the mechanism of these reactions we find that in 
both the cases, eight out of the nine members constituting the purine 
skeleton are present in the starting material chosen while the ninih 
member, consisting of a carbon atom, is introduced subsequently 
between two N atoms. Not only do the reactions take place at high ` 
temperatures but it is difficult to imagine a simple reaction likely to 
take place in nature, giving rise to a substance containing ihe requisite 
carbon-nitrogen framework. - 

The difficulty is obviated when we recall the observations of Pyman 
(J. Chem. Soc., 1911, 99, 669) that diaminoacetone dihydrochloride 
gives by the action of potassium thiocyanate 2-thiol-4 (or 5)-amino- 
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methylglyoxaline and 2-thiol-4 (or 5)-thiocarbamidomethylglyoxa- 


line. 
NH,—OH, П i 
CO +2номв —> CS См) 
| | РОЗН 
H4—NHg H N 


It will be observed that the substance contains the purine skeleton 
and а similar reaction between diaminoacetone and cyanic acid 
is quite likely to lead to the formation of purine derivatives in 


nature. 
CH,OH CH, NH, [3 
2NH; NH; 
CO — CO 
| | CO; 
CH,OH CH,NHa, NE, 
NH—OH, NH—CH, 
О б NH, CO CNH 
| Soom |.| on 
NH, CH—N - NH—C—N | 


We have been strengthened in our supposition as we have been 
able to realise the scheme outlined above, though in а somewhat 
modified form. 


NH y—OH, NHg6—CHs NH—CHz 
— | | 
NH NH ов O—NH 
г фон — | фо | CBr 
CH—N - OBr— ый H,CBr—N7 
D ш) | om, 
NH—CH, NH—CH, NH—CH; 
CH,8C b мн + CHSC бин NHC Ому 
В CB 
MEM ENTER QN х= 
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When 4 (or 5)-aminomethylglyoxaline hydrochloride (Pyman, loc. 
cit.) is brominated in hydrobromic acid solution, 2:4-dibromo-6- 
&minomethylglyoxaline (IT) is obtained ш solution, while в tribromo 
compound, apparently the bromoamine, is precipitated. The filtrate 
on basifying gives (II) which on treatment with potassium thiocyanate 
gives (III) which readily undergoes ring-closure.with the formation of 
& substance (IV) containing a fused thiazoline-glyoxaline ring. 

If. however, the product is first methylated and then digested in 
alcoholic solution with pyridine, ring formation takes place in the 
desired manner with the formation of a purine derivative (2-methyl- 
mercapto-8-bromo-1 . 6-dihydropurine). 


EXPERIMENTAL, 


2 :4-Dibromo-5-aminomethylglyoxaline.—b(or 4)-Aminomethylgly- 
oxaline hydrochloride (1 g.), prepared according to the method of 
Pyman (J. Chem. Soc., 1011, 99, 608, 2172), was dissolved in water 
(20 c.c.) and 8 o.c. of 86% hydrobromie acid added. To the solution, 
bromine was added (0°6 в.в.) drop by drop, when a light yellow 
crystalline product (0'14 д.) separated. It ів a tribromo compound, 
m.p. 214°. (Found: М, 12°9..-Q,H,NsBrg requires N, 12'5 per 
cent). 

The tribromo compound was filtered and the filtrate evaporated to 
dryness on the water-bath, dissolved in -water and neutralised with 
dilute potassium carbonate solution. The precipitate after recrystal- 
` lisation from water melts with decomposition at 280°. (Found: C, 
184; H,2:0; М, 16:1; Br, 622, C,H, Ng Br, requires О, 18°8; Н, 
1:9; М, 16:4 ; Br, 0277 per cent). 

2:4-Dibromo-5-thiocarbamidomethylglyoxaline —Potassium thio- 
cyanate (0:16 р.) was dissolved in a small quantity of hot water and 
the calculated amount of 2:4-dibromo-5-aminomethylglyoxaline 
gradually added. The mixture was heated on the water-bath for about 
2 hours, cooled and filtered. After repeated orystallisation from 
water а crystalline mass was obtained, m.p. 252° (decomp.). 
(Found: С, I8:8; H, 19; N, 17°6. мнн БЫН requires C, 
19:1; H, 1:9; М, 17:8 per cent). 

2:4-Dibromo-5-methylthiocarbamidomethylglyogaline. _Methylation ; 
was effected by moistening the finely powdered mercaptan with 
alcohol and then adding the calculated quantity of methyl iodide to 
it. It was shaken well and allowed to stand overnight. It was then 
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filtered and crystallised from dilute alcohol, m.p. 220° (decomp.). 
(Found: М, 16°6. C,H,N,Br,8 requires N, 17°0 per cent). 

2-Methylmercapto-8-bromo-1 : 6-dithydropurine.—The methylated 
product was taken up in absolute alcohol and heated on the water-bath 
under reflux with the addition of a small quantity of pyridine for 
5 hours. The alcohol was evaporated and the process repeated. 
The product was repeatedly crystailised from alcohol, m.p. 198-200°. 
(Found: М, 22°4,C,H,N,BrS requires М, 22:6 per cent). It gives 
the murexide reaction. 

Thiazolinoglyozaline derivative was obtained by refluxing 
2 :4-dibromo-5-thiocarbamidomethylglyoxaline in aleohol with a small 
quantity of pyridine.  Nodules from dilute alcohol, m.p. 165°. 
(Found: М, 28:8. C,;H,N,Br8 requires N, 24°0 per cent). 


Umxrvansrry Сотлжан ор Вотаков 
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o-Aldehydocarboxylic Acids. PartII. А Synthesis 
of 4-Methoxyphthalaldehydic Acid anda New 
Synthesis of Opianic Acid. 


By Satygnpra МАТН CHAKRAVARTI AND MAHADEVAN SWAMINATHAN. 


4-Methoxyphthalaldehydie acid, for the synthesis of which several 
unsuccessful attempts have been made іп the past, has now been 
synthesised by methods similar to those employed.in the case of 
у-орівпіс acid and m-opianic acid (Chakravarti and Swaminathan, 
J. Indian Chem. Soc., 1084, 11, 716). 
5-Methoxyhomophthalic acid (1)* was oxidised in boiling xylene 
solution by means of selenium dioxide to 4-methoxyphthalonic acid 
(11) which was isols- aniline salt (III). The aniline salt 
ilino-4-methoxyphthalaldehydie acid 
which in its turn was hydrolysed to 
‚р. 141.? : 








874 8. М. CHAKRVARTI AND M. SWAMINATHAN 


4-Methoxyphihalaldehydie acid gives on reduction 6&methoxy- 
phthalide (VI), m.p. 119°, in an excellent yield It also forms an 
oxime. . | 

In a similar manner, opianio adid (VITI), which has so far been 
obtained only аз а degradation product of a number of alkaloids, and 
from meconine (Perkin and Stoyle, J. Chem. Soc., 1928, 128, 8172; 
Edwards, Perkin and Btoyle, ibid., 1025, 127, 195), has now been 
synthesised from 93:4-dinrethoxyhomophthalie acid (VII) * in a good 
yield. 


^. MeO 4 MeO 
Me0./\ COOH | MeO/NCOOH 
CH,'COOH | - CHO 
D 3 : ; III) 
EXPERIMENT 






4'Methozyphthalaldehydic acid (V) 
(5 g.) was suspended in dry -xylene ( 
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On hydrolysing the Schiff’s bage with dilute hydrochloric acid, 
4-methoxyphthalaldehydic acid was obtained as needles, which after 
repeated crystallisation from water melted at 141°. (Found : C, 59:8; 
Н, 4'7. 04H40, requiros C, 60:0; Н, 4-4 per cent). The acid is readily 
soluble in the usual solvents. A mixed melting point with 5-metho- 
xyphthalaldehydic acid, m. p. 144°, obtained by one of us by the oxi- 
dation of 4:6-dimethoxynaphthalene (Chekravarti, J. Indian Chem. 
Soc,,1988, 10, 696) showed considerable depression. 

6-Methozyphihalide (V1).—4-Methoxyphthalaldehydic acid (0°2 g.) 
was dissolved in dilute sodium hydroxide solution (5%, 5 o.c.) and 
reduced carefully with excess of sodium amalgam (6g. of 4%). 
The aqueous solution was made strongly acid and heated onthe steam 
bath for 16 minutes, when the phthalide separated in almost 
theoretical yield. On reorystallisation from water it was obtained 
as prismatic needles, m.p. 119°. (Found: С, 65'7; Н, 49. C,H,O, 
requires O, 65°8; H, 4'0 per cent). 

Opianic acid.—8:4-Dimethoxyhomophthalic acid was prepared 
according to the method of Haworth, Koepfli and Perkin (J. Chem. 
Вос., 1927, 551). This acid, which had been obtained as an oil by 
the above authors, has now been obtained in a crystalline form. 
[6 orystallises from benzene in colourless prisms, m.p. 116°. 
(Found: O, 64:8; Н, 5'2. ©,,H ,,0, requires C, 55:0; Н,5`0 per 
cent). 

8 :4-Dimethoxyhomphthalic acid (1 g.) was then oxidised to the 
corresponding phthalonic acid and the latter converted into the 
aniline derivative under conditions similar to those described in the 
previous case. The aniline derivative (0'6 в.) crystallised from alcohol 
in shining needles, m. p. 156°. 

The aniline salt (0°5 р.) was suspended in dry xylene (5 с.с.) and 
the mixture boiled for 14 hours in a reflux apparatus, when а clear 
solution, was obtained. On cooling a mass of crystals separated 
which after repeated crystallisations melted at 187-88? and 
was found to be identical with the aniline derivative of opianic acid. 

On hydrolysing the Schiff’s base with dilute hydrochloric acid, 
opianic acid was obtained, which after repeated orystallisation 
melted at 150°. А mixed melting point with an authentic specimen 
caused no depression. (Found: С, 67:0; Н, 6'1. О, 9H, 0, requires 
О, 57°1; Н, 4'8 per cent). 


ANNAMALI UNIVERSITY, / Recetved September 17, 1984, 
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Studies in the Xanthone Group... : 
Вх ANUKUL CHANDRA Втводв AND SOBHAN CHANDRA Dos 


_y-Pyrone ring is known to possess fairly developed chromogenetic 
properties. Though some of the hydroxyxanthones (viz., gentisin and 
euxanthone) have been used for dyeing purposes, they are all feeble 
dyestuffs of yellow shades only. No attempt appears to have been 
made to introduce groups, specially -those having chromophoric 
nuclei, in xanthone molecule and thereby obtain derivatives which 
would in all probability possess more interesting and well developed 
tinctorial properties and. therefore, better adapted for dying purpose. 
Dhar (J. Chem. Soc., 1916, 109, 749) described the preparation of a 
few(three only) azo derivatives from nitroamino xanthone, but their 
tinctorial properties were not studied. 

The present investigation: was undertaken mainly with the object of 
preparing such derivatives of xanthone as are expected to be useful 
for dyeing purpose. - 

Of the various possible simple monoaminu derivatives of xanthone 
8-aminoxanthone, being the only one which is definitely known, was 
mostly utilised as the starting material. 

` A number of azo compounds have been prepared by coupling diazo: 
tised 3-aminoxanthone with various phenols and amines such as, 
phenol, resorcinol, salicylic acid, f-naphthol, 2-hydroxy-3-naphthoie 
acid, G-acid, R-acid and dimethylaniline. Most of these azo derivatives 
resist all attempts to crystallisation (cf. Dhar, loc. cit.) They dye 
wool from 1% sulphuric acid bath and silk from acetic acid bath in 
shades varying from yellow to light pink. 

Tt was expected that the acylaminoxanthones, 6.g., 8-benzoyl- 
aminoxanthone, 2-nitro-7-benzoylaminoxanthone and oxaldi.8. 
xanthonylamide would give vat dyes like the acylaminoanthra- 
quinones (cf. D. Z. 16772; Е.Р. 400658, etc.) and acylaminophenan- 
thraqninones (cf. Mukherjee and Watson, J. Chem. Boc., 1916, 109, 
619) but the benzoylaminoxanthones were found to be almost colour- 
less and the oxal derivative, though coloured, could not be made to 
yield a soluble vat. 

The azomethine group, like the azo-linking, is known to.enhanoce 
tinctorial properties (cf. Green and Sen, J. Chem. Soo., 1910, 97, 
2249; Morgan and Reeves, ibid, 1922, 121, 1; Sircar and Sen-Gupta, 
J. Indian Chem. Soc., 1924, 1, 821). 

An azomethine group was introduced into- the attore molecule 
by the condensation of 8-aminoxanthone with various aromatic alde- 
_ hydes (vide experimental) and it has been found that the xanthone 
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phenylazomethines, though ecloured, are not st all suitable for dyeing 
purposes. They are very unstable easily hydrolysing even by boiling 
water. As eke f 

. Two new derivatives of xanthone, namely 8-iodoxanthone and 
2-nitro-7-iodoxanthone have been prepared: from the ры еш. 
amino compounds : via diazo reaction. 


baled - 
~ 


JN E Le de | - EXPERIMENTAL, - 


Xanthone- -8-айо-рһепо1; | 
Oo 
ке M 


CO. р у N 
-> A solution of er tere (d uu -in , hydrochloric acid M 
mols.) was cooled to 0? and diazotised in the usual way. with sodium 
nitrite (1 mol.). When the diazotisation was complete the mixture 
was treated with one molecüle of ‘phenol dissolved >in. excess of caustic 
soda. After two «hours -the reaction - product “was separated 
as a red precipitate by acidification. It- orystalliséd | from pyridine ss 
deep -or&nge-réd small rhombic plates, not melting’ below 800°. It 
dissolves in acetic acid or sulphuric acid with 8 red colour. It is not 
satisfactorily absorbed either by wool or Silk: (Found: N, 98. 
C,59H,505Ng requires N; 8'8 per cent). The other azo compounds 
prepared are desoribéd in Table І. 2" Aa m | 
- 8.Bénsoylaminozanihone was prepared from’ B-aminoxanthone ‘and 
benzoyl chloride in presence of “pyridine. The precipitate obtained. 
on ‘the addition of sufficient ether ' Љо the well -cooled solution 
orystallised from alcohol-as white . shining ‘plates, m. р: 212°. . It is: 
soluble im alcohol or “acetone, benzene or Home (Found: N,..4^8. 
ОзәНувОз№ requires №, 4'46 per cent). 

` 2-Nitro-7- bensoylaminozanthone; prepared ` Жош. 2-nitró-7- unii 
xanthone, crystallised from pyridine i in light yellow  platés not melting 
below 800°: It is soluble in/nitrobenzene or pyridine: but- insoluble in 
alcohol or acetone. It gives a very light yellow colouration with con-, 
dentrated- sutphnrio acid. кошш. Ne В: 1. "Сао Нтз0 a- requires 
N, 7-1 per cént); : енне - : 

+- Ozaldi-8- eanthonylamide. —To «solution - н: а: 
" mole.) in pyridine oxalyl chloride" (1 mol. ) ~was addéd -and the mix- 
turë shaken vigorously; when the red colour- of - the solution - gradually 
changed to” Ugh brown. The mixture "was г hehtéd - -Ой--В- vrater-baih 
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for $ hour; The resulting product was precipitated by,-the addition of, 
ether and obtained as в light reddish brown powder. It is only ‘sparing: , 
ly soluble in alcohol” but readily во in pyridine from -which-it was, 
purified by precipitation with ether.- It доев "поб meli below-800°: 
It could not be reduced to & soluble vat. It gives а light brown: 
colouration - with concentrated sulphuric ` “acid. Еи N, 6041. 

база вОв № requires N, 5 8 per cent). xL -: 


* 


‚ Xanthono- e(L" "'asomethihe bensoni). 





To à solution of 8-aminoxanthone (1 mol) in the minimum quan- 
tity of hot alcohol benzaldehyde (1 mol.) was added and ihe mixture 
heated gently on a water-bath for about an hour when yellow needles 
began to separate. The heating was continued- for one hour more, 
when reaction was complete. The solid. mass was then collected and 
washed several times with dilute alcohol, after which it was erystall- 
ised from pyridine in fine yellow needles melting at 168°. І is 
practically insoluble in alcohol or benzene but soluble in nitrobenzene 
orpyridine. It gives a light yellow colouration with concentrated 
sulphuric acid. (Found: М, 462." Coo H,,0gN requires N, 4°68 per 
cent). The other azomethine compounds are described in Table II. 
8-Iodoxanthone.—A  well-cooled solution : of . 8- aminoxanthone 
" g.) in hydrochloric (8 c.c. in 26 с.о. water) was treated with sodium 
nitrite (0'B g. in 8 c.c. water). An excess of well-cooled potassium iodide 
Solution was then run into the diago solution and the mixture left 
at the room temperature for about 6 hours after which it was heated 
оп ће ‘water-bath till the evolution of nitrogen ceased completely. 
The solution was then triturated with excess of sodium thiosulphate 
olution, filtered and the iodó compound crystallised from- pyridine in 
beautiful plates having a very light brown (almost white) colour. It 
melts at 178°. It is soluble i in pyridine or nitrobenzene but insoluble 
in alcohol, ‚ acetone and sparingly soluble in carbon -` disulphide. 
(Found : I, 4070. С, Н,О,1 requires I, 89°4 per cent). 
9-Iodo-7-nitrocanthone,—2-Amino-7-nitroxanthone (8 g.) was dis- 
solved -in concentrated hydrochloric acid ; (8 с.с.) to which 7ōʻc.c. of 
water had been added. The whole solution was cooled to 5° and the 
amino group. 'diazótised by the slow addition of sodium nitrite (0'7 в. 


880. А. О. BIRCAR AND В. C. DUTT 


dissolved in 5 c.c. of water cooled to 0°) with constant stirring. After 
the completion of diazotisation excess of potassium iodide solution was 
added and the mixture well-stirred. After the addition was complete 
the mixture was allowed to remain at the room temperature for about 
two hours after which it was gently heated on the water-bath till the 
evolutlon of nitrogen had ceased. The solid mass consisting of a 
mixture of the iodo compound and free iodine was then triturated with 
sodium thiosulphate solution in order to remove the excess of iodine, 
The resulting nitro-iodo-compound crystallised from pyridine in beauti- 
ful prismatic plates having alight brown colour, m.p. 285°. It is 
soluble in pyridine or nitrobenzene but insoluble in aleohol, acetone or 
benzene. (Found: I, 86°1. C,3;H,gO,NI requires I, 84°65 per cent). 


TABLE 1. 
Name of the compound Method of Does Analysis (№). Remarks. 
and formula. preparation. not melt : 
below | 
Diazotised Found. Calc. 
8-amino 
xanthone + 
Xanthone-8-1’-azo-2’-  AeNaphthol 300° 81  T'6 Deep red miorocrya- 
naphthol (CHiN) - talline powder from acetic 
acid, soluble in Н;50; 
(pink). Dyes silk and 
wool light orange shades 
from acetic acid and sul- 
phuric acid bath respec- 
tively. 
Xanthone-8-l'-azo-4'- Salicylic 300° 84 ТВ Brown powder from 
hydroxy-B'-benzoie acid acid | - acetic acid gives brown 
(Oso Низ Оз). colour with conc. H480,. 

- Xanthone-8-l’-az0-2- | 2.Hydroxy- 800° 6:81 6'8 Deep red powder from 
hydroxy-8’-naphthoic acid S-naphthoic , acetic acid, gives a reddish 
(Co, H3408N3). | acid violet colouration with 

ЕМ H380, Dyes silk and 

| wool in very light pink 

shades. 
Xanthone-8-1'-azo-2"- G-acid T 5:65 03 Deep scarlet-red pow- 
naphthol-6’ : 8’-diaulpho- der from acetone, soluble 
nic acid (СН {ОМ Б). in H80; (reddish violet). 
Dyes silk а golden yellow 

shade. 
Xanthone-8-1’-azo-%- R-acid ve bo 5'8 Dark reddish-brown 
naphthol.8' : 6’-disulpho- . powder from acetone, 
nic acid (Ce Н,;О5№:83). soluble in Hg SO, (pink). 
Dyes sulk and wool a red- 

А : р diah-orange shade. 
Xanthone-8-1"-azo- Resorcinol ... 8'0 84 Dark brown powder 
2: 4'-dihydroxybenzene from acetac acid, soltble 
(C19H3304Ng3). in H480, (reddish-brown). 
` s Dyeseyellow shades on 
<3 ее wool and silk. 

` Xánthone-8-l-azo-4á! | Dimethy]  ... 125 122 Brownish-pink  micro- 
dimethylaminobenzene aniline : crystalline wder from 
(Og НутОзМ№ з). acetone, soluble in H380; 


(pink). Dyes silk- and 
wool & pink shade. 
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Name of the compound Method of M.p. Analysis (N). 


and formula. 


Xant h one-8 (1'-azome- 
thine-2’-bydroxybenzene). 
(Cs9Ba308N). 


Xanthone-8 (1'-azcme- 
thine-4'-hydrcxy benzene). 
(Org H33 O3 N). 


Xanthone-8 (1’-azome 
thine-8’-hydroxybenzene). 
(Os H130:N). 


X anthone-8 (1’-azome- 
thine-2’: 4’. dihydroxyben- 
zene), (СНОМ). 


Xanthone-8 (1'-azome- 
thine-8’- methory- 4' -hy- 
droxybenzene). (Og Hy5- 
ON). 


Xanthone-8 (1’-azome- 
thine-4'-dimethyl amino- 
benzene). (Сз Н:в0:№). 


Xanthone 8 (1'-azcme- 
thin e-4’-cblorcbenzene) 


(CsgH. 13048 OJ). 


Xanthone-8 (1'-azome- 
thine-4’-acetylaminoben- 


gene). (CegHigO3N9). 


Xantbone-8-cinnamyli- 
dene-l'-azomethine 


(Og H3sOgN). 


TABLE П, 
preparation. 
8-Amino- 
xantbone + Found : 
Balicylal- 256° 4:8 
dehyde 
p-Hydroxy- 264° 4°5 
benzal- 
dehyde 


m-Hydroxy- 275° 47 
benzal- 
dehyde 
B-Resor- doesnot 4.7 


cylie melt 
aldehyde below 
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Remarks. 


Calc: 
44 . Needles from a mix 
ture of nitrobenzene and 
alcohol. 

44 Prismatic plates from 
dilute alcohol. 


44 Yellow plates from 
alcohol. 
42 Deep reddish-brown 


shining cubes (mixed with 
priams) from dilute pyri- 


290 dine. 
Vanillin 241° 4'87 4°06 Deep yellow  micro- 
crystalline powder. 

p-Dimethy] doesnot 79 82 Deep yellow powder. 
-8mino- melt 

benzal- below 
dehyde 800° 

p-Chloro- » ©1,10°'6 11°8 Yellow microcrystal- 
bengal- line powder, 

dehyde 

p-Acetyl- „ М, 80 84 Light yellow powder. 
arnino- 

benzal- 

dehyde 

Cinnamic »i N,47 49 Deep brown plates 
aldehyde from pyridine. 
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The Constanoy of the Ratio of Carbon to Nitrogen 
in Natural Systems Undergoing Oxidation 
and the Problem of Protein Synthesis. 


By N. В. Dwar. 


In publications (Dhar, ''New Conceptions in Biochemistry”; 1982; 
J. Indian Chem. Boc., 1988, 10, 699; 1084, 11, 145) from these 
laboratories, № Ваз been emphasised that the phenomenon of oxida- 
tion is only of importance to animal life but is of great importance 
to plant and soil processes and the laws governing all these oxidations 
appear to be identical. 

The phenomenon of oxidation taking place in nature has been 
found to be markedly accelerated by sunlight, increase of tempera- 
ture of the reacting systems and the presence of inductors (iron 
compound) and surfaces acting as catalytic agents. 

In tropical countries, where there is plenty of sunshine, the 
influence of light and increased temperature due to the absorption of 
solar energy, play important róle in animal, plant and soil oxidation 
reactions. 

In this communication it will be shown that the constancy of 
C:N ratio exists not only in the soil but is also observed in animal 
metabolism as well. It seems that when & mixture of organic com- 
pounds containing nitrogenous substances present in natural systems 
undergoes oxidation in air, a constant ratio of C:N is finally 
attained. 


Constancy of C:N ratio in the Produots of Oxidation in Soil and in 
the Animal Body. 


Analysis of different soils with various amounts of organic matter 
shows a nearly constant ratio between the elements carbon and 
nitrogen. ‘This ratio which has the value 10 varies within narrow 
limits in normal soils. 16 is well known that in soil, which is well 
srated, the chemical changes affecting carbon and nitrogen present 
in the soil are intimately connected. The combined nitrogen existing 
in soil can form nitrate only if the ratio of C to N is smaller than 
10. When the proportion of carbon is greater, the excess is oxidised 
to СО» and the nitfogen.remains as protein. When’ on the other- 
hand, the proportion of nitrogen becomes greater than the above 
ratio, the nitrogenous compound is converted into ammonia and 
nitrate, which may be absorbed by the plant or lost from the soil 
through different agencies. The observations of Leighty and Shorey 
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(Soil Science, 1980, 80, 257) that in the majority of soils examined by 
them, C:N ratio varied from 7 to 15 and in extreme cases the ratic 
could be as small as 8 and as large as 85. It seems to the author 
that the soils examined by these workers were not properly aérated 
for а sufficiently long time. The following results obtained by Lyon, 
Bizzell and Wilson (J. Amer. Chem. Agron., 1928, 18, 457) show that 
no available nitrogen is added to the soil when а large amount of 
cellulose or other carbonaceous compound is present with the 
nitrogenous material added as fertilisers. 


TABLE І. 


Nitrate content of soil to which roots were added and left to 
decompose for 8 months.  - 


Material used. Nitrogen. Wt. of roots Nitrate nitrogen 

added. in leachings. 

Control soil ы м 946°6 mg. 

Oat roots 0455 188°3 g. 207'8 

Timothy roots 0:62 06:8 898'4 

Maize roota 0°79 75°9 510°6 

Clover roots 171 851 924'4 

Dried blood 10°71 5°6 17511 


It will be evident from the following experiments of Sievers and 
Holtz (Washington State Coll. Agric, Expt. Sta. Bull., 1926, 48, 206) 
thet not only the ratio of carbon to nitrogon existing in soil is 
constant but the ratio of carbon to nitrogen oxidised from the organic 
substances present in soil is also nearly constant and has the value 
not far from 10. 

TABLE II. 


Decomposition of soil organic matter for 142 days. 


Nitrogen in Carbon in C: N ratio OO liberated Nitrate nitro- С: N ratio 


soil goil, in soil. (as carbon). gen formed, of the oxi- 
parts per чаров рго- 
million. ucta. 
-0-0015 0°910% 100 119°8 тор. * 154 T8 
0'148 1'684 11'8 - 187°6 18°8 10:2 
0156 1-880 18:0 167-65 17°6 95 


0:288 2'889 12'4 280'0 20:8 8'8 
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The constancy of C:N in the soil processes -has been ascribed 
to the activities of miero organisms but if wil be evident from the 
following considerations that the constancy of C:N may be main- 
tained even in the absence of bacteria in many natural systems 
undergoing oxidation. я 

It has been observed that in the presence of sodium arsenite, 
which does not oxidise when exposed to air but becomes oxidised to 
sodium arsenute when added to sodium sulphite, which is readily 
oxidised in air, the velocity of the -oxidation of sodium sulphite by 
air ів markedly retarded. Similarly, the presence of carbohydrates, 
which are themselves oxidised when mixed with sodium sulphite, 
ferrous hydroxide or cerous hydroxide or any other suitable reducing 
agent, markedly diminishes the velocity of the oxidation of the last 
named substances. We have arrived at the generalisation that in 
oxidation reactions, the phenomenon of negative catalysis is observed 
when the catalyst is a reducing agent. 

Moreover, carbohydrates, fats and proteins have been oxidised 
by simply passing air through solutions or suspensions of these 
substances in presence of sunlight. Palit and Dhar (J. Phys. Chem., 
1928, 88, 1268; 1980, 84, 711, 998) have carried out experiments оп 
the induced and photochemical oxidations of mixtures of carbo- 
hydrates, fats and proteins with each other and have arrived at the 
interesting conclusion that the presence of any one of these subs- 
tances, which is itself undergoing oxidation, retards the oxidation 
of others. 

In normal health, the heat and energy of the body are supplied 
to the system:from-the simultaneous combustion of carbohydrates, 
fats and proteins. The results obtained in these laboratories con- 
-clusively prove that the oxidation of fat is retarded by carbohydrates 
and perhaps less powerfully by proteins. Physiologists have reported 
that if all the carbohydrates in the food is replaced by fat, the fat 
is incompletely oxidised. In. other words, for the complete com- 
bustion of fat in the body, carbohydrate must burn. V. Plimmer and 
В. Н.А. Plimmer (''Vit&mins and the Choice of Food,” 1922, p. 6) 
have stated the position in the following words :—‘‘Mixed .with 
carbohydrate, it is as if fats burn with a clear flame but if there is 
too little carbohydrate, it burns smokily. The half burnt products 
of fat are poisonous to -the body and produce coma." Similar 
results have been obtained by Chakravarti and Dhar (J. Indian Chem. 
Soo., 1929, 6, 617) in vitro and it-has been observed that the velocity 
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of the oxidation of fats and fatty acids is decreased by the presence 
of carbohydrates and the amount of acetone bodies obtained by the 
oxidation of fats and fatty acids by Н.О, and iron salts decrease 
considerably when carbohydrates are added to the. fats. Hence for 
the complete oxidation of fats, their velocity of oxidation must be 
decreased by carbohydrates in vitro and in vivo. It seems fairly 
certain now that the presence of either one or two of the above 
substances, which are undergoing oxidation, retards the oxidation of 
the third. It is, therefore, evident that in the presence of a large 
excess of carbohydrate or fat, little protein is burnt. The protein- 
sparing qualities of carbohydrates and fats were discovered from 
feeding experiments by some of the earliest students of metabolism 
and it is believed that carbohydrates are the more efficient of the 
two in sparing proteins. It has also been proved by Lusk, Landegren 
and others (compare Lusk, ‘‘Science of Nutrition’’, 1919, p. 269) that 
the withdrawal of carbohydrates from the food increases the protein 
metabolism. Moreover, in diabetes, where the glucose passes out 
unoxidised, there is considerable waste of tissue protein. 

It will be interesting to note that in starvation, the ratio of 
carbon io nitrogen metabolism (oxidation) is not far from 10 to 1 
-88 will be evident from the following table. 


= 


Tasia ЦТ. 
Animal XT rr as Dog Fowl ` Gnuineapig Rabbit 
Ratio of О and N oxidised in starvation 9.5 10:8 7'6 97 


The above results have been calculated from the observations 
-recorded in Lusk's ''Boience of Nutrition’’, 1919, p. 86. 

If the starvation is continued further, the value of C:N becomes 
less than 10, as will be seen in the following results obtained with 
& dog kept on long starvation. 


TABLE IV. 
Days of starvation 4th-18th 14th-15th 16th-28rd 24th-80th 8184-8565 86th 87th 88th 
Ratio of С and N 10°8 9:8 9°01 86 . 80 605658 55 
oxidation starvation : . 


These results have been calculated from the observations of 
-Voit (Z. Biol., 1901, 41, 545). In other words, in long-continued 
` starvation leading to death, the ratio of carbon to nitrogen under- 
going oxidation, nearly attains the value 6, which is nearly the ratio 
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of carbon to nitrogen present in the animal body. It appears that 
in animal metabolism, the oxidation of carbonaceous substances (fats 
and carbohydrates) and proteins is guided by more or less the same 
relations as obtained in the soil and both these oxidation processes 
appear to be similar in nature. 

In the soil, tho oxidation of carbonaceous matter and proteins 
seems to be similarly controlled. The carbonaceous substances, such 
as cellulose, lignin, pentosan, glucose, ete., added to the soil retard 
the oxidution of the amino acids obtained from protein decomposition 
' and hence in presence of large amounts of straw, hay, eic., very little 
amino acid oxidation to ammonia by air is possible and thus the nitrogen 
in the protein, present in the soil, remains unavoidable for the plants. 
Just as the process of ammonification in soil is retarded by carbon- 
aceous matter, similarly the process of nitrification is also slowed down 
by carbonaceous matter, because both ammonification and nitrifica- 
tion are mainly oxidation reactions, 

In the following tables obtained from the results of Lipman and 
associates [N.J. Agr. Hap. Sta. Bull., 1912, 247] the retarding 
influence of carbohydrates on ammonification is well brought out. 


TABLE V. 
Ammonia formed in milligrams. 
Organic substance "Total nitrogen Мо carbo- Glucose Sucrose Starch 


4 g.- in substance. hydrate. 9 р. 2 р. 2 g. 
Wheat flour 94°8 5714 - 8:00 5'84 1°56 
Cowpes meal 1568 50°88 81°71 28°57 98-70 
Linseed meal 247°0 110°69 00-01 60°78 68:84 
Soybean meal 2456 199'64 108°08 94°88 54°86 
Cotton seed meal 9401 193-08 99:67 97°28 54:54 
Corn meal 61:2 1'18 1:80 104 0:69 

Tasta VI.. 


Influence of sugar on ammonia formation from 2% peptone solution. 


Inoubation period. ` Sugar added. МН. МХ in 100 c.c. 
5 days 0% 44°80 mg. 
б 1 40°74 
a 5 2 - 14°14 
ë b 1'26 
b 20 ' 0 
15 0 78*08 
15- 1 50°68 
15 @ ё 98:54 
16 5 88°04 
15 20 0 
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Similarly the addition of glucose to casein causes а decrease in the 
amount of casein decomposed and ammonia formed. The same 
behaviour is also observed with glucose and dried blood. 

The results of Hill (Virginia Agric. Exp. Station Tech. Bull., 1915, 
6) recorded in the following table show that the addition of carbona- 
ceous matter to soil leads to the decrease in nitrate formation. 


ТавьЕ VII. 
Nitric nitrogen in milligrams in 100 grams dry soil. | 
After, weeks 
Organic matter added At the begin- 12 20 24 28 33 40 
(0°8-0°6 per cent.). ning. | 
None 0*59 0-74 O'bb 125 150 351 265 
Paper 0°59 0 0 trace trace 0°20 1'99 


The addition of one per cent dextrose to soil markedly retards the 
formation of nitrate in soil. Е 

It is generally believed that the nitrite and nitrate forming bacteria 
can live mainly on the energy obtained from the oxidations of ammo- 
nium salt to nitrite and nitrite to nitrate and glucose, peptone, gelatine, 
asparagine and other organic substances are harmful. This follows 
from the view point advanced in this paper. The organic substances 
act as retarding agents in the oxidation of ammonium salts to nitrite 
and of nitrite to nitrate and hence the energy supply to the bacteria 
is eub off and their growth checked by the presence of organic sub 
stances, which act as negative catalysts in the oxidation processes. 

From the foregoing considerations, it is clear that the carbona- 
ceous matter present in soil acts as an agent in sparmg the soil 
protein from oxidation, just as carbohydrates preserve the body 
protein from undergoing oxidation. The retarding influence of carbo- 
hydrates and other carbonaceous compounds on the rate of oxidation-of 
proteins to ammonia and of ammonium salts to nitrite has been observed 
with different types of micro-organisms having different protein and 
energy requirements. Moreover, this retarding influence is not restricted 
to oxidations due to micro-organisms. Investigations carried on in the 
author's laboratories show that this phenomenon of the decrease of 
the velocity of oxidation is of general occurrence and*is observed with 
catalytic, induced and photochemical oxidation reactions involving 
a mixture of organic compounds containing nitrogenous substances. 
(Compare Dhar, ‘‘New Conceptions in Biochemistry," 1982, p. 44; Palit 
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and Dhar, J. Phys. Chem., 1080, 84, 711). The current explanation 
of the retarding influence of carbonaceous compounds on protein oxi. 
dation and the constancy of C:N ratio in soils, based on the energy 
requirements of the micro-organisms first emphasised by Doryland 
(№. Dakota Agric. Eept. Sta. Bull., 1916. 116) has to be revised in 
view of the fact that the retarding effect appears to Бе a general 
phenomenon occurring in chemical, catalytic, physiological, soil and 
photochemical oxidation processes in which a mixture of organic 
compounds is underg | Aion. Moreover, there is considerable 
loss of energy in the.process of deaminisation of proteins and hence 
the energy requirements of the micro-organisms may not be the 
controlling factor in regulating the amounts of proteins and carbo- 
hydrates oxidised in soil, processes. 


Ratio of O:N and Protein Synthesis. 


Recently the authors (Dhar and Mukherji, J. Indian Chem. 
Soc., 1984, 11, 727) have shown that amino acids are readily 
formed in vitro by the reaction of solutions of nitrates and 
carbohydrates or substances which produce carbohydrates when 
exposed to sunlight in presence of titania and no amino acid 
is synthesised in the dark or by the reaction of ammonium salts 
and carbohydrates even in light. Moreover, we have been able 
to produce evidénce showing the formation of arginine in vitro by 
exposing solutions of glucose and potassium nitrate to sunlight in 
presence of titania. It is well known that the percentage of arginine 
is largest amongst the amino acids obtained from plant proteins. 
It seems, therefore, that the amino acids in plants are synthesised 
from carbohydrates and nitrates and that sunlight is an important 
agency in this reaction and the plant pigments are likely to behave 
as photo-sensitisers, just as titania acts as а sensitiser in the photo- 
synthesis of amino acids in vitro. 

Moreover, it will be evident from Table II that the nitrate con- 
centration of the soil decreases when carbonaceous matters like oat 
roots, timothy rooots, maize roots etc., are added. Apart from the 
formation of proteins by the action of the micro-organisms on the 
nitrates and carbonaceous substances, it is ‘possible that amino acids 
are algo photosynthesised by the reaction of nitrates and carbonaceous 
compounds in presence of light. This photosynthesis of amino acids 
may be responsible for the decrease of nitrate concentration in soil 
when carbonaceous compounds are added. 
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It has been stated that the rice plant takes up ammonium salts in 
the beginning of its development and nitrate in the end. Moreover 
plants like barley, maize, and pumpkins, which are rich in carbo- 
hydrates, readily absorb ammonium salts. It seems that in these 
plants, in the beginning, the plants contain a very large amount of 
carbohydrate and little protein and thus the C:N ratio may be 
much greater than 10:1 and hence the ammonia із absorbed; whilst 
in the end the protein accumulation takes place due to the energy 
supplied by the oxidation of carbohydrates and thus the ratio of O:N 
has a tendency to have the value 10:1 and that is why ammonium 
salts are not required. Hence it seems that where the C:N ratio 
is much greater than 10:1, ammonium salts may be absorbed. 
However, the legumes and beans should at no stage grow with 
ammonium salts. On the other hand, starch producing plants 
at certain stages when the carbohydrate content is high and 
protein content low, may be fed and made to grow well 
by ammonium salts. It is believed that the ease of ammonia 
absorption depends on the velocity with which it is converted 
into asparagine and this in turn depends on the amount of 
carbohydrates, which are also necessary for protein synthesis. 


CoNOLUSION. 


The following conclusions have been arrived at from & compre- 
hensive estimate of the results of the author and other workers. 

1. Not only the ratio of carbon to nitrogen in the compound 
existing in soil is constant but the ratio of carbon to nitrogen in the 
products of oxidation of organic compounds in soil is also nearly 
constant and is approximately 10. 

2. In starvation, the ratio of carbon to nitrogen oxidised in the 
metabolism of different animals is also not far from 10. Tt seems 
that when a mixture of organic compounds undergoes oxidation in air 
the ratio of carbon to nitrogen oxidised is nearly 10 and this appears 
to be a general phenomenon. i 

8. Justas carbohydrates preserve the body protein from under- 
going oxidation, the carbonaceous matter present in the soil protects 
the soil protein from oxidation. The retarding influence of carbo- 
hydrates and other carbonaceous compounds on the oxidation of 
proteins to ammonia and ammonium salts to nitrite has been 
observed with different micro-organism having varied protein and 
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energy requirements and hence it is assumed that the energy require- 
ments of the micro-organisms may nof be the controlling factor in 
regulating the amounts of proteins and carbohydrates oxidised in 
soil processes. 

4, The, protein-sparing qualities of carbohydrates arise from the 
fact that carbohydrates decrease the oxidation of proteins when both 
these groups of substances undergo oxidation and this behaviour 
forms & part of the generalisation that the phenomenon of negative 
catalysis (retardation) is observed in an oxidation reaction, when the 
catalyst is a reducing agent. 

5, Amino acids are readily synthesised in vitro when a solution 
of а nitrate and carbohydrates is exposed to sunlight in presence of 
titania It seems likely that the energy obtained from the oxidation 
of carbohydrates by nitrates or oxygen is necessary for protein synthe- 
sis in plants. The assimilation of ammonium salts by plants in 
protein synthesis is possible when the carbohydrate content is high 
and depends on the C:N ratio. 
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Studies in the Anthraquinone Series. ' 


Ву P. C. Mirrgn, BATINDRAJIBAN DAS-GUPTA AND 
SuMATIOHÁND BAOHHWAT. 


Among the hydroxy-anthraquinones occurring in nature, there is 
only one which is known to contain a carbinol group, namely Aloe- 
emodin (1 :8-dihydroxy-anthraquinone-8-carbinol). On account of the 
well-known physiological properties of this substance, it appeared to 
us to be of interest to prepare and study the properties of other 
hydroxy-anthraquinone-carbinols of the same type but containing a 
smaller number of hydroxy] groups. In this connection, we have pre- 
pared 1-hydroxyanthraquinone-6-carboxylic acid and 1-hydroxyanthra- 
quinone-6 carbinol and also 1-hydroxyanthraquinone-8- SENS &cid 
and 1-hydroxyanthraquinone-8-carbinol. 

Tho therapeutic - Вреле of the substances have not yet been 
studied 

1-Hydroxy-6-methyl-anthraquinone (Mitter and Vestis J. Indian 
Chem. Вос., 1980, 7, 619), was acetylated and the acetyl derivative 
was oxidised by chromic acid in а solution of glacial acetic acid and 
acetic anhydride (Fischer, Falco and Gross; J. pr. Chem., 1911, ii, 
88, 208) whereby 1-hydroxyanthraquinone-6-carboxylic acid was 
obtained after deacetylation. The acid was re-acetylated and then 
converted into the acid chloride by treatment with thionyl chloride. 
The acid chloride was reduced to the aldehyde by passing а slow 
stream of pure and dry hydrogen through а solution of the substance 
in pure xylene at 180-40° in presance of palladiumised barium sulphate 
and on hydrolysis 1-hydroxy-6-aldehydo-anthraquinone was obtained. 
(Rosenmund, Ber., 1918, 81, 585; Rosenmund and Zetzche, Ber., 
1921, 64, 425, Mitter and Banerjee, J. Indian Chem. Soe., 1982, 9, 
875). 

The aldehyde whs next reduced catalytically by means of hydrogen 
in presence of platinum oxide with ferrous chloride as promoter when 
1-hydroxyanthraquinone-6-carbinol was obtained. (Roger Adams 
and co-workers, J. Amer. Ohem. Boc., 1922, 44, 1987; 1928, 48, 2171; 
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1924, 46, 1075; Mitter and Banerjee, loc. cit.) 


OAc CO OAc CO 
МУ М 000 
—» | —> 
Ме \/\/ COOH 
GO": CO 
OAc CO OH CO 
] N/N 
COC] хоно 
: "GO CO т 
| OH CO 


V4 A Аа 
CO 


1-Hydroxy-8-methyl anthraquinone was prepared according to the 
method of Bentley, Gardner and Weizmann (J. Ohem. Soc., 1907, 
91, 1626), and acetylated with acetic anhydride in presence of а -drop 
of strong sulphuric acid. `The procuct was then oxidised with chromic 
acid (Fischer, Falco and Gross, loc. cit.) During subsequent opera- 
tions the acetyl group was partially knocked off and it was found 
necessary to de-acetylate 16 completely with alcoholic potash ‘and “to 
reacetylate with acetic anhydride in presence of a drop of sulphuric acid. 
The conversion of the acetylated acid into the corresponding chloride 
and its subsequent reduction into aldehyde and alcohol followed 
exactly the lines of 1-acetoxy-anthraquinone-0-carboxylio acid. 


EXPERIMENTAL. 


(WITH, BATINDRAJIBAN Е 


- ъ 


1. Дан 6- methyl-anthraquinone. — 1-Hydroxy-6-methyl- anthra- 
quinone prepared according to the method of Mitter and Sarkar 
(J. Indian Chem. Boc., 1980, 7, 619) was treated with acetic anhydride 
and a few drops of strong sulphuric acid, tbe mixture warmed until a 
clear solution was obtained and allowed to stand for some time when 
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the acetyl derivative separated. The mixture was then poured into 
water, filtered and- the residue crystallised from alcohol, m.p. 172°. 
The compound was previously obtained: by Mitter ane аа (loc. oit. 
but no experimental details were given. ^ | 

1-Hydrozy anthraquinone-O-carbozylio -acid.—1-Acetoxy-6-moethyl- 
anthraquinone (2 р.) was dissolved in a mixture of acetic anhydride 
(85 в.е.) and glacial acetic acid (85.-c.c.) and the solution 
heated on a water-bath at-60°. А chromic acid mixture was 
prepared by dissolving 4 g. of the -acid in the least possible 
quantity of water and diluting with a mixture of 20 c.c. of glacial 
acetic -acid and 20- o.c. of acetic anhydride. The oxidising mixture 
was added, 5 c.c. at a time, in rapid succession, to the above solution 
with occasional shaking. The mixture was kept at 60° for one hour 
and then heated at 100° on the water bath for another hour. Acetic 
acid and acetic anhydride were completely removed by distilling the 
mixture under reduced pressure and the residue boiled with moderately 
concentrated hydrochloric acid for about half an hour and then diluted 
with water and allowed to cool. The filtered and washed residue was 
slightly warmed- with 5 % sodium carbonate solution, the extract 
acidified with hydrochloric acid and the precipitate filtered, washed 
and dried. Bright yellow needles from pyridine, m.p. 297°, yield 
nearly theoretical. (Found: O, 67°32; H, 8°87. d (Н.О, requires 
О, 67-16; Н, 2:08.per cent). - 

1-Acetozy-anthraquinone-0- carboxylic acid chloride.—The acid was 
acetylated as in the case of.the anthraquinone. Light yellow needles 
from glacial acetic: acid, m.p. 242°. (Found: C, 66°16; Н, 2:86. 
Ci7H 190, requires C,.65:80; Н, 8'19 percent). The acetylated 
product was refluxed with 25 to 80 times its weight of thiony! chloride 
on a water-bath for 2-8 hours when & clear solution was obtained and 
no hydrochloric acid could be detected at the mouth of the guard tube 
fitted at the mouth of the condenser. Thionyl chloride was completely 
removed by distilling under reduced pressure and the residue arystal- 
lised from benzene as yellow crystals, m.p. 182°. (Found: Cl, 11:51. 
0,;H,0; Cl requires Cl, 10:80 per cent). 

1-Hydroczy-6-aldehydo- anthraquinone,—0'4 G. of the acetylated 
acid chloride and 0°2 g. of the palladiumised barium sulphate (Rosen- 
mund, loc. cit.) was introduced into в flask containing 25 o.c. of very 
pure and dry xylene and provided with a side tube and an upright 

condenser.. Hydrogen gas generated in a Kipp’s apparatus from pure 

zine and sulphuric acid was purified and dried by passing successively 
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through AgNO, solution, KMnO, solution, KOH solution, concen- 
trated sulphuric acid, and finally phosphorus pentoxide and passed 
through the mixture at the rate of one to two bubbles per second while 
the flask was maintained at 180-40°. The open end of the condenser 
was fitted with a calcium chloride guard tube. 

The reaction was completed in’ about 2 hours when hydrochloric 
acid gas could scarcely be detected at the end of the guard tube. The 
contents of the flask were then filtered, the filtrate shaken with 50 c.c. 
of 10% sodium bisulphite solution in & mechanical shaker and the 
aqueous layer separated and boiled with concentrated hydrochloric 
acid for about half an hour when the aldehyde was precipitated. 
Brown needles from glacial acetic acid, m.p. 104°, yield 015 g. 
(Found: C, 71:02; H, 2:81, C,4,Hg$0, requires C, 71°42; Н, 8:17 
per cení). О 

1-Нуфгогуат1һтафщїпопв-б-сатїпо1.—0°1 б. of platinum oxide 
catalyst (Roger Adams and others, loc. cit.) 0-2 р. of the aldehyde, 
sodium ethoxide equivalent to 0:860 c.c. of a millimolar solution and 
ferrous chloride equivalent to O'6 o.c. of &0'2 molar solution were 
introduced in the order given into a clean and dry hydrogenating flask, 
150 с.о. of absolute alcohol introduced and the flask evacuated by 
means of a water pump until the alcohol began to boil. The flask 
was then connected with the hydrogenation apparatus and ihe gas 
introduced while the flask was mechanically shaken until there was. no 
further absorption of hydrogen. The absorption was complete in about 
10 minutes. The contents of the flask were Altered and the filtrate 
distilled under diminished pressure to remove the aleohol and the 
residue crystallised first from 60% acetic acid and then from toluene 
when orange needles were obtained, m.p. 160-62°. (Hound: О, 70:08; 
Н, 8°88. C,5H,,40, requires О, 70:86; Н, 8:98 per cant). 
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1-Acetoxy-8-methyl-anthraquinone.—Bharp pale yellow needles 

from acetic acid, m.p. 166°. (Found: C, 7276; Н, 4:8. 0,,Н,.0, 
‚ requires C, 72:8; Н, 4'8 per cent). 

1-Hydroxyanthraquinone-8-carboxylic acid.—Yellow woolly needles 
from pyridine or glacial acetic acid, m.p. 282-849. (Found: C, 68:9; 
Н, 8:5. OC45Hg0; requires C, 67:1; Н, 8:0 рег cen$). 

1-Acetozy-anthraquinone-8B-carbozylic acid.—Greenish yellow silky 
needles from acetic acid, m.p. 276°. (Found: О, 05:0; Н, 8:9, 
C44 H,9045 requires С, 65:8; Н, 8°2 per cent). 


STUDIES IN THE ANTHRAQUINONE SERIES 897 


1-Acetozy-anthraquinone-8-carboxylio acid chloride.—Pale yellow 
micro-crystals from benzene, m.p. 162-68°. (Found: Cl, 1072. 
C,7,H,0,Cl requires Cl, 10°8 per cent). 

1-Hydroxyanthraquinone-8-aldehyde.—The temperature was main- 
tained at 140-45° for 8-4 hours and then at 148° for another 
2 hours while the current of hydrogen was increased. At the 
end of about 6 hours from the beginning of the operation, no hydro- 
chloric acid could be detected at the mouth of the guard tube. 
Dark brown needles from glacial acetic acid, m.p. 214° (with 
sublimation). (Found: О, 72:0; Н, 8°20. C,,H,0O, requires C, 71:4; 
Н, 8°17 per cent). 

1-Hydroxyanthraquinone-8-carbinol.—0'2 G. of 1-hydroxy-anthra- 
quinone-3-aldehy de was introduced into the reduction flask with 0'1 g. 
of platinum oxide, 0°36 millimole of sodium ethoxide and 01 
millimole of ferrous chloride and absolute alcohol, just sufficient to 
dissolve the aldehyde. The reduction was complete in 5-10 minutes. 
The mass left after the removal of alcoho] was first crystallised from 
dilute acetic acid. On further crystallisation from toluene, orange 
needles were obtained, m.p. 197-99°. (Found: С, 70°7; Н, 8°96. 
C15H190,4 requires О, 70:9; Н, 8°98 per cent). 
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Compounds of Dimethylglyoxime with Cobaltous 
Chloride. 


By Dives CHANDRA Sun AND PRIYADARANJAN Hay. 


Feigl and Rubinstein (Annalen, 1928, 488, 188) have desoribed the 
preparation of a dark olive-green compound in acetone solution from 
. orystalline cobaltous chloride and dimethylglyoxime. As the substance 
does not respond to any usual tests for Co**, such as by sulphuret- 
led "hydrogen, caustic potash; rubeanic acid, ete., nor for the dimethyl- 
glyoxime, such as by the addition of nickel salts, they assume that the 
compound is a strong cobaltous complex of formula [DHg'Oo'DH4]Cl, 


OH,'C-NOH 


where DH, = |. , with а do imn number four for 
СН, Омон 


cobalt. Thilo and Heilborn (Ber., 1981, 64, 1441), starting from 
anhydrous cobaltous chloride and dimethylglyoxime in acetone solu- 
tion, have prepared ‘a deep red crystallme substance having the 
same composition ` as that-of the green compound described by 
Feigl. The red compound is very unstable and passes readily in 
solution (in acetone), specially in the presence of a trace of water, 
into the stable green modification. The chlorine atoms in both the 
compounds are precipitated by silver nitrate. 

The constitution: of these compounds have been discussed by Thilo 
and his co-workers (Thilo and Friedrich, Ber.,1929, 62, 2090; Thilo and 
Heilborn, loc. сй.).` According to them, it is the red compound which 
should be represented by the above constitution [DH Co DH] Cla. 

To the е compound they attribute the constitution for the follow- 

ing reason. The central cobalt atom is here hexa-co-. 

H na ios ordinated with non-ionic chlorine atoms. ' Feigl and 
x * Rubinstein (loc. cit.) have already mentioned that 
— “the green compound hydrolyses in aqueous 

шай a therefore, reacts acid, the compound dissolving 
with a brown colour; Thilo and Heilborn (loo. сй.) assume that 
this is not a case of ordinary hydrolysis, but the substitution 


1 
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of chlorine atom in the complex by the ОН group of water 


leading to the formation of hydroxy compounds and HCl, which 
then reacts with AgNO}. 


= 3 чы = й ЕЕ 
нур PO C DE, +ҥ он —> ED >00 DH, | + HCl. 
hs BL — I. он 


This is also suppor ted by Feigl эла Rubinstein’s (loc, cit.) isola- 
tion of the compound (DHg)$4'Co(OH)Br. Hieber and  Leutert 
(Ber., 1927, 60,. 2206,) have also shown that the green compound 
in acetone solution is a non-electrolyte. That the chlorine atoms 
are in the trans-position; is inferred by Thilo from the behaviour of 
the corresponding bromide towards ethylenediamine (cf. Feigl and’ 
Rubinstein, loc. cit.), as the Br atoms аге`поф replaced by a single 
bidentate group like ethylenediamine. 


With & view to throw more light upon the constitution of these 
interesting and much discussed compounds, a further study of their 
properties was undertaken, the results of which are embodied in the 
present paper. i 


It might be recalled here that instances of strong cobaltous com- 
plexes of the highly stable type, as represented by the above green 
salt, are extremely rare. Among the known strong cobaltous com- 
plexes, mention can be made only of potassium cobaltooysnide which 


is very unstable, and of cobalt са and cobalt кшен inc 
are highly insoluble. 


It is well known that the magnetic susceptibility of а paramagnetic 
ion usually undergoes a profound alteration, when the latter forms 
ihe central atom of a perfect complex. It has been further está- 
blished that all complex cobaltic compounds are diamagnetic, though 
Cott ог Cot** are strougly paramagnetic, having magnetic moments 
of about 24 and 14 Weiss’s magnetons respectively. All cobaltous 
complexes so far examined, excepting the three just mentioned 
above, exhibit the same susceptibility value as the Co** т. the 
simple salts. · Of the above mentioned three compounds, only potas- 
sium cobaliocyanide is diamagnetic, cobalt biguanide and cobalt 
rubeanate, each shows a susceptibility value of 10 Weiss’s magnetons 
approximately. The case of these compounds has previously been dis- 
cussed (Ray, Proc. Indian Science Congress, 1982, p. 141, Presidential 
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Address, Chem. Sec.; Ráy and Bhar, J. Indian Chem. Soc., 1928, 8, 497). 
Magnetic susceptibility is thus found to be a more or less unfailing 
guide in determining the complex character, as well as the valency, of 
_ the central paramagnetic ion. In.the’ case of Feigl’s green compound 
the susceptibility measurement showed that the compound is dia- 
magnetic. This fact, taken together with the characteristic properties 
of the substance, such as its solubility, hydrolysis, ete., strongly 
suggests that in this compound the central cobalt atom is in the ter- 
valent stage. In other words, the salt represents a cobaltic complex. 
It Һав slso been possible to isolate the first product of its hydrolysis. 
This‘ latter, which has the composition [DH4'Co"DH(OH)CI] and 
resembles the corresponding bromide already described by Feigl, is 
also diamagnetic, showing that the valency of the central Co atom 
remains unchanged during the hydrolysis. The green salt also slowly 
liberates iodine from KI solution, indicating в higher stage of valency 
for the cobalt’ atom. It has been further observed that when a 
solution of cobaltous salt is mixed with one of dimethylglyoxime in 
alcohol, the colour of the cobalt salt changes, and the mixture slowly 
liberates iodine from acidified KI solution. 

The hydrolysis of the salt has been further studied in aqueous 
solution. Itis an established fact of complex chemistry that un- 
stable’ weak acidic or basic ions are stabilised or strengthened by 
complex formation. When СоС]о does поё appreciably hydrolyse, 
there ig no reason why it should do so to such a marked extent after 
combination with dimethylglyoxime.. For, it has been found that 
the hydrolysis in aqueous solution is complete. Hence the Cl atoms, 
as has already been pointed out by. Thilo, Hieber and Leutert (loc. oit.) 
are inside the complex zone ; the central Оо atom must, therefore, 
be in a higher state of oxidation. ' 

. From the considerations, set forth above, it can "Be ponoludad 
that Feigl’s green salt is- not a tetra-co-ordinated cobaltous complex 
as suggested by'him, пог is it a hexa-co-ordinsted cobaltous complex 
as assumed by Thilo and his co-workers. This naturally applies фо 
all the other so-called cobaltous ‘complexes, related to this green 
salt, deseribed by Feigl and Rubinstein (loc.. cit.) and also to 
the eompound а by paid and шна di Zentr,, 1929, 
II, 549). | 

The constitution of ‘the green а should: rm be 
represented by the formula in which one of the hydrogen atoms of 
one-dimethylglyoxime molecule is replaced, by the cobalt atom : 
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HO ci О 


| n. 
СН.'С=М Ze =C'CH, 


A. 
CH,'C—-N^ | “М=С ОН, 
но а „бн 
. The green colour of the salt, as well as ite reaction with ethylene- 
diamine (Thilo, loc. ctt.), indicates that it is a trans-dichloro com- 
pound. 

The oxidation of cobaltous atom into cobaltic stage occurs evident- 
ly in á spontaneous way during its reaction with dimethylglyoxime. 
Such instances of spontaneous oxidation during complex formation are 
not rare in the case of Co atom (cf. R&y, Z. anorg. Chem., 1982, 208, 
898; Ray and Chackrabarty, ibid., 1988, 211, 176). 

On the other hand, Thilo’s red isomer gives a susceptibility value 
of 19:04 Weiss's magnetons, з value which aCo** should: theoreti- 
cally possess according to Bose-Stoner’s view. Ordinary simple 
cobaltous salts, solid or in solution (e. g. Со8О„, Собі, etc.), give, 
however, a susceptibility value of 24—25 Weiss’s magnetons.. In a 
fourfold co-ordination compound this value has been found to be reduced 
somewhat—the lowest value found із 20`9 for [Со(М№.Н.). 130. H0 
(Réy and Bhar, J. Indian Chem. Koc., 1928, 8, 499). Similar 
behaviour has also been observed in the ease of nickel com- 
pounds as well. This discrepancy from the theoretical value has been 
attributed by Bose and Stoner to imperfect neutralisation of the 
orbital moments of the electrons by the field of neighbouring mole- 
cules.and ions, In the present case of Thilo's red isomor, the orbital 
moments of the outer electrons of the Co atom appear,- therefore, to 
be completely neutralised. The green and the red isomers are, 
therefore, sharply distinguished by their magnetic properties. The 
valence condition of the central Co atomis thus proved to be different 
in the two complexes, Feigl’s grean compound having the central 
Co atom in the tervalent stage, whereas Thilo’s red isomer contains a 
bivalent cobalt. The properties of red isomer also lead to the same 
conclusion as has already been pointed out by Thilo and Heilborn 
(loc. cit.). | . 

We have also tried to prepare Dübsky and Brychta’s black com- 
pound of the alleged composition and constitution [DH ,'Co‘DH]Cl 
(loc. cit.). Though a black crystalline compound, ss described 
by them, has been , obtained, its composition, however, does 
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not agree with the above formula. The analytical results correspond 
approximately ію the formula [2 CoC14:'8DH4'3H40]. -The substance 
was found to be feebly magnetic. This suggests that 15 is an impure 
mixture of the green. compound and its products of hydrolysis. The 
properties of the black orystals also- resemble those of the green 
compound. 

It is now clear that the ‘green compound and its red isomer should 
be represented by the following constitutional formule. 

— Cl 


ы у E " 
Нр; Co < HD : -2 1 : [H4D ec Co М DH&]1Cl 
1 ш : 
Hexa-oo-ordinated Tetra-co-ordinated 
tervalent cobalt. bivalent cobalt. 


Diamagnetic. Strongly paramagnetic. 


_ EXPERIMENTAL. 
Feigl’s Green Salt. | 
The compound was prepared, as described by Feigl and Rubinstein 
(loc. cit.), from СоС1.,6Н0 and dimethylglyoxime in acetone 
solution. (Found: Cl, 19:62; Co, 16°35. Cale., Cl, 19:60; Co, 
16:80 per cent). The aqueous solution of the substance is strongly 
acid, liberates iodine slowly from acidified KI solution ал evolves 
hydrogen with metallic zinc. 
The magnetic susceptibility of the dry solid at 80? = X, x 106 = —0°981. 
Molecular conductivity in aqueous solution at 18°. 
о (dilution in litres)... 82 с 04 198 956 6519 1024 
My ©... 835°т 8541 — 8629 — 8746 — 8887 
The molecular conductivity of HCl a& infinite dilution is about 881. 
This clearly indicates that the hydrolysis is ee in the sense of 
the equation : " 
Cl ae ‚ О! 


| | | | | 
_H,D=Co=HD + H,O——> H,gD=Co=HD + HCl, 
d m OH | 
and that the product of hydrolysis in presence of the liberated НС! is 
a non-electrolyte, the conductivity ofthe solution being equal to that 


of HCl only. .• 7 о 
Chloro-hydroxo-dimethylglyoxzime Cobalt. 
When a saturated solution of the green salt was strongly cooled, 
a silky yellowish brown  orystaline substance gradually separated. 
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This was washed with éold water and dried in vacuum over sulphuric 
acid. {Found: N,16°51; C,1044 ; Có,17:16. IDB4:Co-DH(OH)CI 
requires М, 16°85 ; Ol, 10°87; Оо, 17:18 per cent]. Magnetic а 
ку at 80°=Х„ x 106 = — 0:053. 

. The substance is sparingly soluble in water, giving brown solution, 
which also reacts acid due to further hydrolysis. 

The constitution of this brown ро should be i ie 
similarly to that of the green salt, as follows: 


HO OH о. Rm e 


| А | || 5 E 
CH,'O-N N -сон; о 
| Уб < 
А оН, : zi | | —OCHg il 
HO €] OH 


When the green compound was treated with aqueous ammonia, 
& yellow crystalline substance was obtained, containing both ammonia 
and chlorine. The aqueous solution of this compound also liberates 
iodine from acidified KI solution. 


Thilo’s Red Isomer. 


- This substance was prepared, as described by Thilo and Heilborn, 
from anhydrous CoClg and dimethylglyoximé in dry acetone solution. 
The anhydrous cobalt chloride was prepared -according to Baxter and 
Dorcas (J. Amer. Chem. Koc., 1924, X6, 862) by heating CoCl,, 6H30 
in в current of dry HCl and Ng to 800°.. (Found: Cl, 20°11; 


Co, 16:42. Calo., Cl, 19:60; Co, 16:80 per cent). Magnetic 


susceptibility at BAP = XX 109 —16:58, wers: = 19'04 (corr.). · - 
Dübsky' 8 Black Compound. ы 


> 


The substance was prepared according to Dübsky and Brychta's 


method as abstracted' in the Centralblatt (loc. cit.). (Found: М, 


19:72; Cl, 20°16 ; Co, 17:64. 26001, 9DH,:8H50 1 requires №, 12:00; 
Ol, 21°48; Co, 17. 82, per cent). 

It gave a- - susceptibility. -value of Хх 10®=0°9557 at 84°, 
hws (414774 40. The composition of the compound is: not quite dlear, 
and it appears 1с be contaminated with some decomposition product. 
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A:Newr Constant for Fixed Oils. Hypoohlorous 
. Acid Value. 


^? By M. Goswami AND К, D Basu 


In а preliminary note on the subject ((Analyst, 1984, 89, 588) 
the authors indicated the possibility of determining the unsaturation 
of fixed oils by means of hypochlorous acid,* which isa distinct 
improvement on the present methods of doing the same in many res- 
pects, especially in respect of time factor ; this being observed very 
carefully in other methods to avoid substitution. There were preli- 
minary difficulties, ¢.g., interference of alcohol, indicator, stability of 
sodium hypochlorite solution, ete., and after numerous experiments the 
following method has been standardised. 


The oil or fat is saponified with alcoholic potash, the excess of 
KOH neutrelisad by HCl, alcohol driven off and the soap is diluted 
with water ; a dilute solution of sodium hypochlorite of known strength 
is then added end the whole acidified with calculated amount of dilute 
H,80, (to liberate the whole of hypochlorous acid) and kept for 5 to 
15 minutes. After absorption the excess of HOCI is then determined 
by adding KI solution and titrating the liberated iodine. The calcula- 
ted and theoretical values as deduced from Iodine values are found to 
agree very fairly even within the time factor of 2 hours. The eddi- 
tional advantages of this process are the following :— 


(1) Tke saponification value is determined simultaneously with- 
out recourse to second weighing. 
(2) Time required for complete saturation is only 5 to 15 
minutes. 
(8) Before determining the value one need not know whether 
the oil or fat is drying, semi-drying or non-drying as is 
| required in ordinary methods. 


* Tt was thoughé that the ols would absorb the acid like ОН:= ОН; in the 
following way :— 


оно 
CH=CH; + HOCI > | 
CH3OH 


and there would be no substitution and therefore no question of time factor. 
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EXPERIMENTAL. 
NaOCl soluticn (5 c.c., prepared from bleaching powder solution 
and NagCQOs, containing slight excess of NagCO, and approximetely 


of the strength 5 c.0,=20—25 с.о, of EE М№,8,0,) and excess of 


KI solution are taken ina conical flask and acidified with Н.ВО, 
(dil.), the iodine liberated is titrated with thiosulphate and the 
experiment is repeated with standard H480, solution, the volume of 
the latter required to liberate just the full amount: of iodine from the 
solution is thus determined.* 

0:120-0-125 G. of oil is saponified in the usual way with 25 в.в. of 
approx. №5 aleoholic KOH. The excess of the alkali is exactly neutra- 
lised with standard HCl using bromothymcl blue as indicator. The 
alcohol is then evaporated off on the water-bath until a pasty mass 
remains. The scap is dissolved in water, transferred toa "750 о.о. 
flask and the solution diluted to 600 о.о. To this 5 e.c. of NaOCl 
solution is added followed by H.48O0 , of known strength just to neu- 
tralise the free Ма» СО. and to liberate НОСІ from the hypochlorite. 
The flask is quickly closed by means of a rubber stopper fitted with a 
dropping funnel containing KI solution, well stirred and kept in a dark 
and cool place for 5-16 mins. The KI solution inthe funnel is then 
blown in and the flask well shaken. The dropping funnel is then 
washed and taken out. The solution is now acidified with excess of 
H80, solution and the iodine liberated is titrated against standard 
thiosulphate. Blank experiment is done side by side. The difference 
in the thiosulphate figures gives the amount of НОСІ absorbed (1 o.c. 
of N-thiosulphate = 0°002625 g. of HOCI). 


* From the reactions : 
(a) Na4004 + H380,— Nag80, + H30 +00, 
(b) 2Na&001 + Н;80, = Na480, + НОО 
` (e) 8 HCOl+4KI=2 KOH +2 KOl * 21; 

(d) 2 KOH + H480,—- E580, +2 EO 
the &smounte of H480, required to neutralise respectively, Маз3СОз of the hypoehlorous 
solution, to liberate НОС] and to neutralise KOH of equation (c) are determined. For 
example in a particular experiment 5 о.о, of №001=99-6 о.о. of 0°9819N/10-thio. 
and 8°25 c.c. of 0'0813N-H480, is required to liberate iodine completely. Now • 22°6 
c.c. of 00819 N/10-thio. corresponds to 0°8268 д. of NaOCl and to liberate НОСІ from 
this amount of the hypochlorite 1°192 с.о. of H,80, of the above "strength is required 
whilst the same volume із necessary for КОН. This (825-9884) i.e. 0:866 c.s. of 
0'9818 N-H480, is required for the neutralisation of the excess of М№М400% present in 
the bypochlonte soluvion. These calculations are necessary for knowing the exact 
amount of H38O0, required for Ма;О0; and for №001], 
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TABLE I. 
Blank experiments performed for standardising the method. 


Water added — 600 с.с. Vol. of NaOCl soln. =6 в.в. 


Expt. Тїшє, 1380, (0°9818N). Indicator used.  Thiosulphete (0°9819N) 
5 ` required. 
1 2 hrs. 9050.03 - Nil 9915 c.c. 
а дв. 8:953 Nil 4 2915 
8 80 mins. 9:05 ? Phenolphthalein 19-96 
4 2 hre. 2°05 * Bromothymul blue 5 22°15 
5  2hm. 8°26 3 m i 22715 


1 Time after which titration is made. * Amount required just to neutralise 
М№а;СОз and to decompose NaOCL * Whole amount to liberate Та completely, 


41% sol.—9 drs, 51% sol.—89 drs. 

From the above experiments itis clear that phenolphthalein can- 
not be used as indicator after saponification for neutralisation of the 
excess of KOH and that bromothymol blue can safely be used. Inter- 

—— ference_of-alcohol has also been investigated. 


TABLE П. à 


Water ад4ед = 600 o.c. Thiosulphate required (blank)=22°16 o.c. 
NaOCl soln. =6 о.о. К | 
Expt. Time. H480, (0'0318N). Alcohol. Thio {0°9819N). 


6 9 hrs, * 2°05 c.c. 95 a,c. 20*1 c.c. 
7 „ә + 3°25 $i 20°70 
8 s" * 2°06 10 21°0 
9 80 mins, " 10 — 1°25 
10 2 hrs. Vi b 214 
п 80 mins. ji 5 21°55 
12 2 hrs. + 8-25 10 21°6 е 
18 * 80 mins. $i 10 22*00 
14 9hm, *  - 4 8°96 5 21°65 
15 80 mins. й - 5 29°16 
* Amount just to neutralise МазСОз and to liberate HOO! from NaOO! completely. 
+ Whole amount of acid to liberate the I, completely. | : Ба 


8 


ym 
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Experiments Nos. 6-15 in Tablé II show that as the amount of 
alcohol decreases the thiosulphate. figures approach the blank ones. 
Again when the whole amount of the acid ig added the difference bet- 
ween the-titration figures is smaller than when. the exact amount of 
the acid (required for NagCO, and NaOCl) is added. The following 


‘experiments were done with pure sodium oleate using bromothymol 


blue as indicatar showing that the soap absorbs НОО]. 


TABLE ПІ. 


Water added —600 e.c. Vol.of NaOCl soln. =5 с.о. Na-oleate soln. 
=20 c.c. i | | 


Expt. Time. ESO; - Thio. Blank thio without Aleohol 


(0°9813№), (0"8819N). . oleate. used. 
- 16 | 2 hrs. Е i 12°80 ес.  —— | 33-15 c.c. ` В Nil 
17 т 43°95 1245 | | 
18 И +105 108 7 Сс 9000 `` 10е, 
19 " 18:96 „1925 | 91:60 | „ 
20 »- +25 I5 . . — 8901 o. 95° 
21 " *895 1915 9070 ^^ 


+ Amount justto neutralise NagCO3 and to liberate HOCI from NaOOl completely. 
+ Amount to liberate I3 completely. 


Experiments Nos. 16-21 in Table ПТ show thai the whole amount 
of acid cannot be added when thereis no alcohol. To get the best 
result the alcohol should be evaporated off after saponification. 


In the fóllcwing experiments with oils, the alcohol, after saponifica- 
tion value is determined, is evaporated off on the water-bath (the soap 
remaining as а pasty mass) and the acid (0'0818 М-Н.80,) is added 
just to neutralise the free Na,CO, of the hypochlorite solution and to 
decompose NaOCl to НОСІ.  Iodine values by’ Wiji’s method are 
determined simultaneously. These and the corresponding НОСІ 
values (% of HOC! absorbed) as calculated from the latter are given 
for comparison in the tables, 
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Non-drying, Oils. 
TABLB ГУ. 


| Ground-nut oil. | 
Ig value=87°6. NaOCl soln. =6 0.0. (22'6 в.в. of thio. used). 
Corresponding НОСІ value (called henceforwnrd Н. С. value) — 18:09. 


Wt. of oil. Time. Thio Blank Diff. ноо! 
(0'9819N) thio, thio. ' absorbed. 
0°1602 g. 15 mins. 11°50 e.c. 22'0 o.c. 10°60 о.о. 18°02 $ 
0°1598 1 hr. 11°20 eros (10°88 17°5 
01872 2 hrs. 10°50 | W0 11°50 17°78 
#0'1584 5 mins. 12°05  - -2820 -- 9:95 16°72 


#00864 б, i615  . 9805 5:9 178 


* Shows that the absorption is not complete within & minutes with more than 
0°15 g. of the oil. - 


К 





o ~- - -..-Buffalo ghee (butter fat). 
NaOCl soln. . 2: 7:6 o.c. (= 26°15 6.0. of thio used). 
Iodine value=85'4. Corresponding Н. C. value= 7:818. 


Wt. о ой, Time. Thio N/10. Blank thio, Diff. thio. НОО! absorbed. 


01888 g. Qhre 2L'66.o. . ~25°500.0;  - 895 c.c. 7'76 % 
01893 br. 20% . 9570 — 58 1-49 
0*1414 15 ming 91:5 (957 — 49 . T'796 


n = 
^r. эм ом AO M 


utt - Cocoanut ой. 
NaOCl soln. =7°5 о.о. (:=26°0 о.о, of thio used). 
Iodine value=9. Corresponding H. C. value = 1859. 


Wt. of oil. Time. Thio (0988№/10). Blank thio. Dif. thio. НОСІ absorbed. 
01501 g. Яшы "AB oo. Boc- 1160. > 19 % 
01660 1 hn 9445 25°76 18 2°16 
01480 15mins, 24°65 95°75 rb | i 1'098 а 
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Tass IV (continued). 
NaOCl soln. =7°5 c.c. (—26'0 с.о. of thio. used). 
Olive oil, 


Iodine value=88 Corresponding Н. C. value 218'18. 


Wi. of oil. Time. : Thio : Blank thio. Diff. thio. HOCI 

| (0'988N /10). (absorbed) 
01788 в. 2 hrs. 18°40 25:8 19:2 18:2 
01097 1 hr. 14'55 257 1116 17°77 


01061 15 mins 18°85 95-7 7:86 17-64 
Bemi-drying Oils. 
TABLE V. 


Muatard oil. a 
Todine value=108. Corresponding Н. C. value=22°81. 


01918 g. 9 brs. 1515 95:8 10°45 28-95 % 

01073 l hr. 16°15 25'6 945 у 22'84 

01101 15 mins. 16°7 251 10:00 99.84, 
Sesame oil. 


Iodine value=110. Corresponding Н. C. value -—22'78. | 
O°1281 г. 2 hrs. 1405 . ab5'6 11i 20*43 % 


01085 16 mins. 16°50 25°75 9°25 22°11 
0°1285, 1ш. 14°95 257 . ‚ 10°75 22°57 


Drying and Fisn Oils. 


Tass VI. 
Linseed oll, 
Iodine value=185. Corresponding Н. О. values=88°22, 
0:1838 д. -8 hrs. T'i c.c. 25°6 o.c. 18°23 o.c, 8588 X 
0'0974 1 hr. 12:60 9b5"7 181 84*88 
0°0861 15 mins. 1405 95-7 11°65 B 88°10 
Olupea ilisha oil. : 
Iodine value=88. Corresponding Н. C. v&lue-»18'18* 
01068 g. 8 hrs. 183 25:8 T4 17-97 
01005 i hr. 18:8 967 69 ` 17:80 


0'0948 16 mins, 19° 351 6'5 17°78 
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SUMMARY. 


1. The method consists of the determination of percentage of 
absorption of НОСІ by sodium salts of the fatty acids present in oils 
after saponification value is determined with bromothymol blue as 
indicator. 

2. The technique of the process depends upon careful manipula- 
tion of the amount of sulphuric acid added just to liberate НОС] from 
NaOCl solution which is added to the soap solution and to neutralise 
free NagCOs. 

8. The aleohol used for the determination of saponification value 
need not be removed completely; soap thus obtained is then dissolved 
in water and treated with NaOCl. 

4. Theoretical and calculated H. О, values agree very fairly. 

5. Simultaneous determinations of saponification value and the 
degree of unsaturation are possible by the present method without 
recourse to second weighing. 

6. Absorption is complete in 5-15 minutes with 0°15 g. of 
substance. 

7. Time factor does nof vitiate the result to any appreciable 
extent. ME 

8. No preliminary sorting of oils as non-drying, semi-drying and 
drying is necessary as is required in other methods. 
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Viscosity and Molecular Association. 


. By BaLBHADRA PRASAD, 


Attempts have been made from time to time to use viscosity data 
for elucidating the molecular association in the case of liquids. "Тһе 
most successful method used so far has been Bingham’s fluidity method 
(Bingham and Harrison, Z. physikal Chem., 1909, 66, 1; Bingham, 
J. Amer. Chem. Soc., 1910, 48, 287; Turner, ‘‘ Molecular Associa- 
tion," 1915, p. 78) in which Bingham compares the calculated and 
observed temporatures for & given fluidity (inverse of viscosity) usually 
200 or 800 and finds out molecular association by dividing the observed 
temperature by the calculated temperature. He-calculates the temper- 
ature at which the given fluidity is attained by assigning definite 
temperatures to every element and every kind of linkage for the given 
fluidity and assuming thatthe temperature at which the compound 
reaches the fluidity is the sum of the temperatures corresponding to the 
various atoms and linkages in the molecule. The method gives quite 

——~__good-results but there_is. no theory behind it. During the last few 
years much work has been done on the viscosity of liquids Now we 
know definitely that the viscosity changes with temperature in the 
case of unassociated liquids can be represented by the formula, 


logn =a + В/Т 


where 7 denotes viscosity, T absolute temperature and а and В two 
constants (Raman, Nature, 1028, 111, 582; Dunn, Trans. Faraday 
Soc., 1926, 99, 401; Andrade, Nature, 1980, 128, 309: Sheppard, 
Nature, 1980, 125, 489; Prasad, J. Indian Chem. Soc., 1988, 10, 143). 
This can be used for elucidating the molecular association of liquids ав 
will be evident from what follows. 


In the саве of unassocisted liquids since, log 7 -( a+ £ Ji log 4 
(=) 

which is equal to B, is constant whereas in the case of associated liquids 
it goes on decreasing with temperature, if the higher molecules break 
up into smallerones. The author (loc. cit.) has shown that В generally 
increases with molecular weight. In the homologous series, 8 increa- 
ses by about eighty for every incredse in the molecule by С.Н. (ibid.) 
in the case of unassociated liquids. However it is not entirely a 
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function of molecular weight for the В values of normal and isohydro- 
carbons differ by as much аз 4% at times. When two or more simple 
‘molecules form an associated molecule the arrangement of the atoms 
in the molecule is not disturbed except when they combine irreversibly 
forming entirely different kinds of molecules, e. g., the condensation of 
acetylene to benzene. The molecules in the case of associated liquids 
combine by weak co-valent linkages which are disrupted when the 
temperature is raised. When the difference betwean the B values of 
normal and isohydrocarbons. hardly exceeeds 4%, we can safely assume 
that these weak co-valeney linkages which exist between the molecules 
of a liquid forming associated. molecules, will not alter the value of В 
except by increasing the average molecular weight. Bo it follows that 


- 1 1007 d iog 7 | 
т) ів = WM, - Where Mı and Мо are the 





average molecular weights of the liquid at the temperatures T, and 
Те. From the above it is evident that by knowing the value of 


dog az) for nuns of temperatures.in the case of any 


liquid,- the -molecular ansoclétion ior all other оао can 
be calculated in terms of the molecular weight at one definite 
temperature. 

In Figure 1 log y is ionis againat 1 /T for water, methyl alcohol, 
ethyl alcohol, propyl alcohol, butyl alcohol; formio acid and acetic acid. 


РЯ 


j Tamà I _ 

Liquide, OC . 45°. eb 85° 
Water Е, 1041- ~-- 870 763 - 680 - 686 
Methyl alcohol’ ... 546 ^. 546 . 5460 
Ethyl alcohol os 728 728 728 188 
Propyl-alcohol =... `946 ^ 940 — 940 946 948 
Butyl chal " 1009 1009 1009 1000 1009 
Formic acid = ss 714 - -T25 656 656, ` 
Acatic acid iss ee 578 578 . 518 578 


In Table I the values of | d log 7 / a(g) calculated from the 


figure for above liquids at a number of temperatures are given. 
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To illustrate how the molecular association at any temperature can 
^5 ealculated in terms of the molcoular weight al another temperaturo, 


. d jogy / 
EG. 
> А (= 
T / _ 1041 


let us take the case of water. Тог water d logy т. = hon 


TE a(2) ве 
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iLe., 76. Бо water at 5° is 1°6 times moro associated on an average 
than аһ 85°. Tho constant valuc of В within any temperature range 
does not necessarily mean that the liquid is unassociated. All it means 
is that molecular association is not appreciably changing within this 
temperature range. 

In order to find out the А value for molecular association, 
& method can be developed on the following lines. 

The author has shown (J. Indian Chem. Soc., 1988, 10, 185) that - 
T,/B= 0'7 (approx.) for an associated liquid when T, denotes critical 
temperature on the absolute scale. If critical temperature 18 known 
we can approximately find out the value of В for any liquid. ‘We can 
apply this to the associated liquids also and the values obtained 
will refer to the unassociated molecules, since much below the critical 
temperature even the — liquids cease to be associated. From 


what has been said before — 08 1 тү B (determined from T,) will be 


d F) 
a measure of molecular association for the liquid at temperature T. 
In Table II molecular association determined by this method is 
given. For the sake of comparison, the values dovermined by Eótvos- 
Ramsay method are also given, 


TABLE П, 

c шт from 

m d logn degree of Edtvosa- 

Liquids. о’ £x I (3 ° molecular Ramsay 

d VR association,  rnethod. 
Water .. 840 448 5° 1041 28 29 
э» TT one eon 95 870 " 1'9 98 
13 ave °з» soe 45 768 1'7 ӨТ 
35 эз 414 +99 65 680 1% 2*6 
Methyl alcohol ... 508 856 0 60 540 1-5 3*6 
Ethyl alcohol .. 817 809 0°70 728 $0 89 
Propyl alcohol ,. 647 883 0°80 046 2'5 21 

Butyl alcohol A 560 899 0'110 1009 , 3°5 

Acatic acid ata 596 416 20 110 578 14. 3-0 


A glance at the values of molecular association determined by the 
two methods will show that the values do not always agree То the 
" 


D 


Te 
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cise of waler, surfaec tension method shows that the raolecular asso- 
ciation first increases and then decreases with temperature, wherea- 

, by this method we find a continuous decrease with teinperature. Tn 
É ease of methyl alcohol, the value of molecular association from rurfeco 
i tonsion measurements is found to be 3'61, ргопісг thon that of wter 
esen — а fact which scems io 1, highly improbable conridcring sha. 
the boiling pomt of w лег is 857 realer than that of methyl sleobo’ 
in spite of the latter's higher molocular toimule. Ву this method the 
molecular association js approximately 1'5 less than thc molecular 
association of water. The most serious discrepancy is thet the order 
of liquids arranged in descending order of molecular complexity is по! 
found to he the same by the two methods. Ву the surface tension 
method wo get a lower and lower value for molecular assceiation in с 
homologous series ав the molecular weighs increases till we get absurd 
fresults sometimes. c.g,, the moleculur association in the case of SLenric 
4+ acid is found to be one half. By this method in the case of эс спо 
the molecular association scerns to be increasing with the molecule- 
weight, в fact which ів v.zy doubtful. This may partly be due to the 
approximate nature of the wo assumptions (a) В/Т. = 0'7 -må 


+ 
d log п/а (г) а log »/d G Гао nla (ar) My 
7 SONS IR 
We can get some idea of the error involved by tho n considers - 
tions. 

The author has shown (J. Indian Chem. Soc., 1933, 10. 185; 
thet-8/T, (where Т» denotes the boiling point of liquids} varies 
from 1'04to 1 24 in the case of nineteen liquids. Fron this we 
might expect thet В/Т. would vary from 0°62 to 3°74. In the cases 

f ef eightliquids, 8/T. bas been calculated in the same paper and is 
found to be within this limit. Further аз Ty /7„ = 0°6 is only 
approximately true, we might expect alittle moro variation in th 
values of В/Те. В/Те for such varied liquids пз bromine, cthy; 
ether, ethy! propy! ether, chloroform, allyl chloride, methyl sul- 
phide and heptane (not included in the above list) is also zpproximato- ` 
ly equal to 077 From all this wa can safely assume that it may 
fluctuate from 0'6 to 0'8 at the utmost in the саве of ungssociated 
liquids. Непес the maximum error involved in the calculation of 
ВІТ. will be 1495. As the difference in the В values of normal and 
isocompounds, where the structural difference is greater than hatween 
the associated and unassociated liquids, із about 4% at the numost so 
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, we may assume that the maximum error involved in the assumption’ 
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asaociation in the eases’ of methyl, ethyl, propyl uii po sh 
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‘as caloulated by the authór are giver 1n Table ITT. = 


m is Ж Tasa ШЇ. 
Aloohols. m | Manman value of (2). Е : Minimum value ot (т) 
Metbyl 2: T 2 39. x Ca amo 
Ю%у 5c. ^5 P equ i 7 “ee | 
Propy! к йт т $2 dE Co 1 
Buyi | РА е в | E 1'9 ud 


If we accept the maximum value in tho case of methyl alcohol, J 
and minimum value in dase of other alcohols,: the molecular associa- ` 
tion seems to be least in the case of ethyl alcohol, whereas it should 

ba is: зё in the case of bubylalcohols. One-explan'is, for this- dis~ 
crepancy might be that the assumptions of the author are less &oenrale.. - 
than whet he thinks. It might. be-also due.to.some error ih the ac- 


.* peptic.) values of the critical, temperatures of the various alcohols as it 


v 
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seems ifither surprising that the critical temperature of methyl and . 
“ethyl eleohols should 55 nearly the same. АП the data have been 
taken from Bornstein-Landolt’a tables. i 3 
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1. The value of B for в liquids к to the ' un- 2 
‘associated state ів calculated from. the. approximate eleven, 
'B E T wm Oe ur i | 


> a 


2, The molecular association (z) ‘at any ‘temperature, is calculated 


А F 


= а log n/d G) , 
from the formula, х = M Iu ы н | коошо | 
гот 33 м ке ue 
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